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T H 
PREFACE. 


Tf being an uſual Complaint with thoſe 
who are unacquainted with Geometry, 
that they are diſcouraged by the Mathe- 
matical Demonſtrations, from peruſing 
Books of Natural Philoſophy ; I appre- 
hended that ſome Papers 7 had drawn 
up for the Uſe of my Pupils in the 
Univerſity, would not 12 altogether un- 
acceptable, if publiſhed in ſuch Form, 
that the Propoſitions, or Subflance of 
the Book, might be read without Inter- 
ruption from the Demonſtrations. I 
have therefore in the following Treatiſe 
laid down the ſaid Propoſitions „ and en- 
deavoured to prove them in a familiar 
and eaſy Manner, without Geometry, by 
way of Text: And. for the ſake of * 
a 2 W/0 
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who are ſkilled in that Science, have 
added the Demonſtrations, with ſome 
occaſional Remarks, by way of Notes. 
And whereas the Writers on this Sub- 
ject have appropriated to themſelves a 
Stile too technical for Beginners, I 
have, in hopes of being more eafily un- 
der/iood, ſometimes choſe a plainer and 
more popular Way of Expreſſion, though 
perhaps not always /o accurate. 


In the Introduction to the firſt Part, 
Motice is taken of the Method of Philo- 
ſophiſing ade U/e of by Des Cartes, 
and others before him, far as the 
Defjgn of this Compendium required, 
T ſhall add here a few Conſiderations 
relating to the Method which prevails 
at this Time, 

In the preſent Method of Philoſophi- 
ing, all Matter is confidered be re- 
/pett to its Subſtance) as homogeneous, 
or of the ſame Kind; and no other 


Cauſe or P rinciple of Action in Matter | 
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is allowed of, but what is well eſtabliſhed 
by Fats. 

Some Philoſophers admit Elementary 
Fire, as they call it, among their Prin- 
ciples; or, which comes to the ſame 
thing, they confider Fire as endowed 
with active Powers diſtinct from thoſe 
of other Matter. Keill, in his Letter 
to Dr. Cockburn, De Legibus At- 
tractionis, aliiſque Phyſices Principiis, 
makes uſe of three Principles, viz. 1. 
Empty Space. 2. The infinite Divi- 
ſibility of Quantity. 3. The Attrac- 
tion of Matter. And affirms, that all 
Phyſics depend thereon. 

The fir/t of bis Principles the Reader 
may perhaps think ridiculous; but he 
may conſider, that at that Time of Day, 
the Motion of a Plenum was not wholly 
exploded : The laying down Empty Space 
as a firſt Principle was only calling out 
for Elbow-Room and a clear Stage. 


— But not to trouble the Reader 


with what others have done, I have 
a 3 choſen 
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choſen and every where fluck to three; 
and as oft as a Phenomenon occurred, 
which T could not account for by them, 
I have given it up as a"Difficulty ; not 
deſpairing, but that when ail the Cir- 
cumflances of the Phanomenon ſhall be 
thoroughly known, theſe Principles alone 
may be found ſufficient. It ſeems not 
con/iſtent with the Regard a Philoſopher 
ſhould have to the Uniformity of Nature, 
every where obſervable, to call in a new 
Principle at every knotty Point, Thoſe 
which I make wſe of are, 

Firſt, Attraction of Gravitation. 
That is, a Diſpoſition in Bodies to 
node towards each other, even when at 
great Diflances afunder. 

Secondly, Attraction of Coheſion. 
That is, a like Diſpoſition in Bodies to 
move towards each other, but diſtinct 
from the former, in as much as it 1s 
obſerved to take Place only when the 
Bodies are very near together. 

Thirdly, Repulſion, or a Diſpoſition 
in Badics, Wer eby in ſome Caſes they 


endeavour 
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endeavour to avoid, or fly from each 
other. 

The firfl of theſe is Matter of daily 
Obſervation. Ybus à Ball let go — 
the Hand falli to tbe Ground. 

The ſecond may be ſeen in the fol- 
lowing Inſtance. A ſmall Portion of a 
Fluid forms itſelf into a Sphere or 
Drop : Which can only happen from 
à Diſpoſition in the 1 of which 
it confiſts, to come as near as poſſi ble fo 
each other. | 

An J. nance of the third is this Tf 
Air inclojed in a Bladder, be [queezed 
into a leſs Compaſs, the Air within, 
when the Preſſure is taken off, reſtores 
the Bladder to its former Size: A 
plain Indication that the Particles of 
which the Air conſiſis, endeavour to 
avoid or fly from each other (a). 


Theſe Diſpofitions in Bodies are not 
the Reſult of any Mechanical Cauſe 
'a) See another Inflance of this Diſpafition, in Part III. 

Page 161. Note (m) of this Compendium. 
1 whatever 3 
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whatever ; that is, ſuch as may ariſe 

| from tbe Effluvia of Bodies, or the Ac- 

} tion of any other material Subſtance (b) : 

They are therefore the Act of an imma- 

| eri Cauſe, in Virtue of which inactive 

I: Matter performs the Offices for which it 
20 5 igned, | 


| 
| 
| — 


00 Demonſtration. In the firſt Place it is well known, 
that if if Gravity ge upon Bodies with the ſame tg of 
Inten e whether they be in Motion or at Reſt, i 

emonſtrated, that Bodies, when prejected, will Gee 
Farabela s; and that when vibrating in Cycloids, their 
Vibrations will be iſocronous, Sc. In the next Place it 
is as well known, that Bodies when peyote do deſcribe 
| Parabola's, and that 'when vibrating in Cycloids, their 

Vibrations are iſocronous, &c. From 2 two Propo 

/itions it demon/tratively follows, that if Gravity be Th 
Cauſe of the above-mentioned Effects, it muſt act upon 
Bodies with the ſame Force, whether they be in Motion 
or at Refl, 

Again, it is well known, that, if Attraction of Coheſion 
atts upon Rays of Light with the ſame Degree of Intenſe- 
neſs, whatever be the Velocity they move with, it may be 
. _ demonſtrated, that the Ratio of the Sine of the Angle of 
| Incidence ta the Sine of the ; ng 2 Rf alien will be 
given, But in Lehnin of Light, the Ratio of thaſe 
Sines is given in Fa; if therefore Attraction of Coheſion 
be the Cauſe of the Refraction of Light, it muſt att upon 
Rays of Light with the ſame Intenſeneſs, whatever V lig 
| they move with, 

But no Effluvia of Bodies, no material Subſtance, and 
. | in Sort no material Cauſe whatever, can act with the 
| ſame Intenſeneſs, or have the ſame Effect! upon a Body in 
.18F * as upon the ſame Body at Ręſt; becauſe as it is 
4 very 


| 
| 
| 
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From the firſt and third Principle (c), 
that is, from the Attraction of Gravi- 
zation and Cohefion, together with the 
Properties of Matter enumerated in the 
firſt Chapter of this Compendium, which 
Properties muſt be always ſuppoſed, the « 
Elaſticity or Spring of the Air, and 
from thence the Mature and Propaga- 
tion of Sound are accounted for. And 
from the Spring of the Air confidered as 
being au gmented by Heat, and diminiſhed 


by Cold, as it is "hſerved to be, and the 


very wel inoion to © Mathematici ciant, 10 whom 1 addreſs this 
Note, Body can only act upon Body, according to the Sum 
or Difference 0 their Motions, It remains therefore, that 
the two Diſofains herein mentioned, are not the Reſult of 
any material Cauſe whatever : Which is one Part of the 
Propofition to be demonſlrated. 

Ai to. the other Diſpoſition in Bodies, their Repulſion, 
fince Rays 0 4 Light are alſo affected by it, as it appears they 
are by an Experiment of Sir Iſaac Newton's, referred to in 
the foregoing Note, it may very reaſonably be ſuppoſed, though 
we don't at preſent know the exact Law of its Aclion, to 
affect Bodies in Motion after the ſame Manner that it would 
do the ſame at Reſt, and that it therefore is alſo the Reſult of 
no material Cauſe whatever, 

(c) The Law or Manner wherein theſe Principles are 

. obſerved to act in different Circumſtances, are determined 
from Fats, in Part I. Chap. 3. The Law of the third, 
Jo far as it relates to the Air, will be found in Part II. 


Chap. 3. of this HO AT e 
Airs 
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Alir's being at the ſame time affefted by the 
firſt Principle, viz. that Grovitatien the 
Phenomena of the Finds are explained. 

By the ſecond Principle, the Cobefion of 
Matter, the various Degrees of Hard- 
neſs obſervable in it, the Diſſolution of 


Bodies by Fluids, with other chemical 
— ; and in particular the Phæ- 
nomena of Fermentation, and conſe- 
quently the Cauſes of Thunder and 
Lightning, &c. By this Principle alſo 
the riſmg of Fluids 5 in ſmall Tubes, and 
fromthence the Aſcent of Sap in Vegeta- 
bles are accounted for; all which Par- 
ticulars, except the two firſt, are treated 
of in the ſecond Part of this Compen- 
dium: As, alſo the Refra6tion of Light, 
and conſequently all that Train of Phæ- 
nomena depending thereon, which is the 
Subject of the third Part. By the firſt 
Principle, the ſeveral CORE! re- 
lating to 5 and to the Motion 
of Proje Hiles, together with the Doctrine 
of Pendulums, (treated of in the firſt) 
and likewiſe all thoſe which relate 4 
THE 
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the Preſſure of Fluids (treated of in 
the ſecond Part) are determined. And 
above all is deduced that moſt curious 
Doctrine of central Forces, ſuſt touched 
wax in the firſt, but largely and fully 

explained in the fourth Part, by which 
(fuming that the heavenly Bodies were 
at firſt put into Motion by their Creator) 
we are enabled to affign the Cauſe of 


the Continuation thereo/, with all its 
Modifications and Irregularities ; to 
determine the neceſſary Shape of thoſe 
Bodies; and to account for the ebbing 
and flowing of the Sea, &c. Difficul- 
ties, too great ſeemingly for human 

Reaſon to ſurmount | 
Some of the Phænomena which 1 
have not been able to give à ſatisfafory 
Account of, from the above-mentioned 
Principles, are the Reflection of Light, 
its Emiſſion from luminous Bodies, and 
the Formation and Aſcent of L apour. 
This may be only owing to the want of 
erter Acquaintance with the Circum- 
[ances 


1 — . 
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Rances of thoſe Phenomena ; that is, 
more ſufficient Data, or Fats to found 
their Solution upon: So that we are 
not to conclude immediately, ' that the 
Principles are inſufficient ; but rather 
to wait with Patience: The Diligence 
of others may render that eaſy, which 
our utmoſt Efforts at e are not 
able to ſurmount. 


However, as a Reader unacquainted 
with Studies of this Kind, may wonder 
that ſo many of the Phænomena or Ap- 

earances of ature, ſhould be ac- 
counted for by ſo few Principles; and 
becauſe it may be a Means of giving 
him ſome Infight into the Subject of 
theſe Sheets, 1 will here lay pn the 
following Propoſitioms, which are imme- 
diately deductible from the Principles, 
and alſo nearly connected with the Phæ- 


nomena zo be accounted for by them; 


by means of which, he will more readily 


perceive the Connection or Relation be- 
tween the one and the other. 
Pro- 
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PROPOSITION I. 


Matter is an na&ive Subſtance ;. 
that is, it is quite indifferent either to 
Motion or Reſt; inſomuch that the 

leaſt Force imaginable acting upoh it 
will move it, if at Reſt; and alter 
its Courſe when moving: And further 
no Body has a Power either of putting 
itſelf into Motion, or of ſtopping or 
altering its Courſe when it does move. 
Notwithſtanding which, every Body 
acts upon all others (provided their 
Diſtances be not too great) perpe- 
tually endeavouring to put them into 
Motion. | 


Hence we have the true Idea of the 
Gravity or Weight of Bodies belonging 
to the Earth, and their Diſpoſition to 
deſcend towards it on all Occaſions. 
Thoſe Bodies are equally indifferent to 
Motion or Reft; but by Virtue of the 
firſt Principle, that is, by their Attrac- 
ion of Gravitation, (as above defined) 


they 
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they are drawn towards the Sun, the 
Moon, the reſt of the Planets, and the 
Earth; but towards this laſt more ſtrongly 

than towards any of the reſt ; and ſo 
_ they tend, gravitate, er are heavy to- 
. wards that, The Reaſon that they are 
attracted more forcibly towards the Earth, 
than towards thoſe other Bodies, is, that 
although it be one of the Laws of this 
Kind of Attra&ion, that it operates ac- 
cording to the Quantity of Matter in 
Badies, and therefore the Attraction of 
the Sun ſhould be the moſt prevalent, in 
as much as that Body contains the moſt 
Matter ; yet it is another Law of that 
Principle, that it afts more ſtrongly ac- 
cording to the Nearneſs of Bodies to each 
other: This latter Conſideration in the 
preſent Caſe, overbalances the former; 
and ſo the Bodies about us tend towards 
the Earth. 


ProrosITION II. 
If a large round Body be covered 
every where with ſmaller ones to an 


equal 
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equal Height or Diſtance from its Sur- 
face; and if thoſe ſmaller ones tend 
towards the large Body, by virtue of 
the firſt Principle, and are, at the ſame 
time, diſpoſed to fly from each other 
by virtue of the third, that is, by a re- 
pelling Power inherent in them; and 
ſuppoſing farther, that when they touch 
or are very near each other, their Diſpo- 
ſition to avoid each other exceeds their 
Tendency to the large Body, and when 
they are at a certain greater Diſtance from 
each other, that Diſpoſition is leſs than 
their Tendency to the large Body: Then 
will thoſe ſmaller Bodies keep at certain 

Diſtances from each other, and conſtitute 
an elaſtic, compreſſible Subſtance fur 
rounding that large Body, and gravitat- 
ing towards it on all Sides. 


Hence an Idea of the Mature and 
Condition of the Atmoſphere /urround- 
ing the Earth, with all its Properties. 

N. B. When I ſay à Body tends to 
another, I don't mean that it moves to- 
wards it, but only that it would move 

0 towards 
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towards it, if nothing prevented. Thus, 
a Bird while mounting aloft into the 
Air, tends towards the ' Earth, as much 
as one that is falling down ; for the one 
would fall as well as 25 other, *. no- 
thing prevented. 


PRO OSLITION III. 


If, while the abov- ementioned ſmaller 
Bodies are in the State ſuppoſed in the 
foregoing Propoſition, any one, or more 
of them, be made to move (ſuppoſe for 
Inſtance half Way) towards the next, it 
will by virtue of the third Diſpoſition, 
that is, its repulſive Force, drive or im- 

pe thoſe it comes nearer to, cloſer to- 
Shs - which Bodies, when that other 
moves back again (as it will immediately 
do, being repelled by them) will recede 
from each other again : That is, a kind 
of tremulous Motion will be communi- 
cated to them by that other, and for the 
like Reaſon, by them to the next ; and 
ſo on through the whole, or at leaſt to a 
great Diſtance from where it began. 


Hence 
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Hence we may form an Idea how 
Sound 7s excited by the Tremors of a 
Body during its Vibration, and ropa 
gated N the Air. 


3 ITION IV. 


One of the Laws by which the ſe- 
cond Principle, or the 1 of Co- 
heſion, is obſerved to act, is, that Bo- 
dies act upon one . not in Pro- 
portion to the Quantity of Matter they 
contain, as by the firſt Principle; but 
only according to the Largeneſs of their 
Surfaces, and the Nearneſs of the Sur- 
face of one Body to that of another. 


From hence we may underſtand, that 
ſuch Particles of Bodies as are flat or 
/[quare, and ſo fituated among each other 
as to touch or be very near one another 
in many Points, will conſtitute what we 


call an hard Body, and thoſe Particles 
Vor. I. b Which 
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which are more round, or ſo ſituated 
that leſs Portions of their Surfaces are 
near together, will attract one another 
with a leſs Force, and ſo form a ſofter 
Body; zhoſe which are round, or nearly 
fo, will attract one another ſtill leſs, 
and alſo ſlide more eafily over one ano- 


ther, and fo form what we call à fluid 
Body. 


PROPOSITION V. 


When two Bodies meet together, if 
the Particles which conſtitute the one, 
be diſpoſed, by their Attraction of Co- 
heſion, to move towards thoſe of the 
other with a greater Degree of es 
than the Particles of either Body a 
diſpoſed to move towards Ae e : 
thok of the firſt will leave it, and run 
in among thoſe of the ſecond : And for 
the ſame Reaſon, thoſe of the ſecond 
will ſever from that, leave it and enter 
in between thoſe of the firſt, And if 

| the 
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the Motion with which this is done, be 
very violent, and the Bodies be of the 
inflammable Kind, their Particlesby thus 
rubbing and claſhing one againſt ano- 
ther will be ſufficiently heated to take 
Fire, and will burſt out into Flame. 


Hence Diſſolutions, Fermentations, 
Exploſions, Eruptions of Vulcano's, 
Thunder, Lightning, Aurora Borealis. 
With all other Phznomena of that 
Tribe. 


ProPosITION VI. 


If a Pipe, open at both Ends, and 
of a very ſmall Bore, have one End 
dipped into Water, the Water will run 
up into the Pipe above the Surface of 
the Water on the Outſide (being drawn 
up by the Tendency it has by the Prin- 
ciple of Attraction of Coheſion, towards 
that Part of the inner Surface of the 
Pipe, which is juſt above it, as it riſes) 

b 2 till 


till that inner Surface which is ſtill juſt | 
above it, be loaded with as great a 


Weight of Water as that Tendency can 
8 8 


Hence a right Motion of the Aſcent 
of Sap in Vegetables; the Suction of 
Fluids by Spunges : WMitb all other 
Phenomena reducible to that Head. 


 ProrosITION VII. 


If a Body moving right forwards, 
but obliquely with reſpect to the Sur- 
face of another Body, at length comes 
ſo near that Body as to be diſpoſed by 
the Principle of Attraction of Coheſion 
to tend towards it; inſtead of conti- 
nuing to go right on, it will turn out 

of its Way towards that Body before it 
comes at it; and conſequently will 
ſtrike « or 4 4 it in a nearer Place, and 
in a leſs oblique Direction, than it would 
have done, in caſe it had gone right on. 


If i it eaters the Body, it ſtall keeps turn- 
ing 
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ing out of its Courſe the ſame Way as 
before, till it has got ſo far within it, that 
there ſhall be as many Particles of the 
Body behind it to attract it backwards, 


as there are before it near enough to 


attract it forwards: After which it goes 
right on in its laſt acquired Direction, 
till it comes near the other Side ; for 


while it is ſurrounded with as many 


Particles to attract it one Way as ano- 
ther, it is the ſame Thing as if it were 
not attracted at all. When it has 
got ſo near the other Side, that there 
are fewer Particles before it to attract it 
forwards, than there are behind it, near 
enough to attract it backwards, it then 
begins to turn out of its Courſe towards 
the Inſide of the Body; that is, from 
that Side of the Body t towards which 
it is going; and continues to bend its 
Courſe the ſame Way, till it has got ſo 
far out of the Body, that there are no 
Particles of the Body behind it, near 
enough to it to attract it any more. 
b 3 Aſter 


n 
% ) 
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After which it purſues an undiſturbed 


Courſe in the Direction it acquired laſt 
of all. | 


Hence we have a juſt Idea of the 
Refraction of Light with all the Phæ- 
nomena ari/ing therefrom ; which are 


no other than ſo many Caſes of this 
Propofition. 


ProrosIlTion VIII. 


If ſeveral Bodies be moving right 
forwards, and at length be attracted by 
another Body, as ſuppoſed in the fore- 
going Propoſition, but ſome with great- 
er Degrees of Force or Intenſeneſs, than 
others; thoſe which are attracted with 
the greateſt Force, will turn the fartheſt 
out of their Way towards that Body; 
and conſequently if all of them, before 
this happened, were moving in one 
Direction, they will be made to part 
from each other, and move different 


Ways. f 
Hence 


a ** * 3 — — 
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Hence an Idea of the different Re- 
frangibilility of the Rays of Light. 


ProyosITION IX. 
If a Body be projected or thrown 


from another Body towards which it 


has a T endency i in conſequence of the 
firſt Principle, its Motion will be re- 
tarded continually 3 that is, it will 
move {lower and {lower : If it be pro- 
jected towards that Body, its Motion 
will be continually increaſed; and un- 
leſs it be made to move directly to or 
from it, its Courſe will always keep 
bending towards it, ſo that it ſhall de- 
ſcribe a Curve, concave, or hollow, on 


the Side next the Body. 


Jaws all the enen of * 
Bodies, and of Projectiles. 


PRO POSITION X. 


If a Body, that by the firſt Principle 
tends towards another Body, is ſuffered 
b 4 to 
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to move towards it on the Surface of 
an inclined Plane, its Motion (as in the 
foregoing Propoſition) will be continu- 
ally increaſed ; and if it is made to move 
from it on the ſame Plane, its Motion 
will be retarded continually, but leſs in 
Proportion to the Obliquity of the 
Plane: (that is, leſs in Proportion as the 
Plane deviates from the Perpendicular) 
the Interpoſition of the Plane prevent- 

ing in ſome Meaſure the Effect its Ten- 
dency to the other Body, would other- 
wiſe produce. And the Velocity it ac- 
quires by rolling down one Plane, will 
by virtue of its Inactivity, or that Dil- 
poſition Bodies have to continue their 
State of Motion or Reſt, enable it to 
roll up another fitly diſpoſed. 


Hence the Solution of the Phæno- 
mena of Bodies deſcending on inclined 
Planes, and the Vibration of Pendu- 
lums. 


PRo- 
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ProyosITION XI. 


If a Body, attracted towards ano- 
ther, be cauſed to move to or from it, 
in any other Direction than ſuch as 
paſſes through the Center of that 
other Body, the moving Body when left 
to itſelf, will begin to bend its Courſe 
towards that other Body; and if the 
Direction it moves in and the Velo- 
city it moves with, be properly ad- 
juſted to each 5 188 it will move 
quite round that Body without touch- 
ing it or coming to it: and if that 
Adjuſtment be ſuch, that the Body 
ſhall return” to the Pee it fet out 
from with the ſame Velocity and Di- 
rection it had when it was there be- 
fore, it will revolve round that other 
Body over and over again in the ſame 


Path. 


*. 


From 


W 
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From hence we have the Solution of 
the Motion of the primary Planets 


round the Sun, and of #he r 
ones round the Primary. 


PRO POSILITION XII. 


If a Body be revolving about ano- 
ther as in the laft Propofition, and a 
third Body approaches them, towards 
which they both ſhall alſo tend, the 
Motion of the revolving Body will be | 
diſturbed : That is, its Path will be | 
altered, and Irregularities in its Courſe | 
will caſte : ; becauſe its Tendency to | 
that third Body in ſome Parts of .its 
Courſe will conſpire with, and in others 
perhaps be oppoſite to its own Motion. 
And not only fo, but the Tendency 1 it 
has to the Body about which it revolves, 
will in ſome Situations be increaſed, and 
in others be diminiſhed by the Action 
of the third; which will alſo conduce 
towards altering its Courſe. 


Hence 
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Hence the Lunar Irregularities, and 
all other Diſturbances in the Motion 
of the Heavenly Bodies on their t00 - 
near Approach towards each other. 


ProPOsSITION XIII. 


Imagine a large Body covered all 
over with ſmaller ones tending to its 
Center: Suppoſe alſo a diſtant Body, 
towards which they all tend, but the 
SZ little ones with leſs Degrees of Force 
chan they do towards the Body they 
cover. Then will ſuch of thoſe 
{maller Bodies, as are neareſt to the dif- 
tant one, loſe Part of their Tendency 
to the Body they cover; and fo will 


z 

t 8 thoſe fmaller ones which are fartheſt 
„ off, or placed on the oppoſite Side the 
d i large Body. But, as to thoſe ſmaller 


Bodies, which are at the ſame Diſ- 
tance from the diſtant Body with the 
Center of the large Body itſelf, their 


Tendency 
NY 


| 
| 
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Tendency to the Body they lie upon, 
will be increaſed. The reſt will have 
their Tendency increaſed or diminiſhed 
more or leſs, according to their Near- 
neſs to thoſe whoſe Tendency is in- 


creaſed or diminiſhed the moſt (d). 


Hence ariſes the Difference in the 
Weights Bodies have upon the Earth's 
Surface, at the Approach and De- 


parture of the Heavenly Bodies, (but 


chiefly of the Moon,) to or from that 
Side of the Earth where the Bodies are; 
and conſequently the ebbing and flowing 
of the Sea, the Water riſing where its 
Weight or Tendency to the Earth is di- 
miniſhed, and ſinking at the ſame Time 
in thoſe Places where its Weight is 
augmented, That the Approach and 
Departure of the Moon ſhould cauſe a: 


greater Difference in the Weight of 


Bodies on the Earth, than the Approach 


(4) What is affirmed in this and the foregoing Propoſi- 
tion, depends on a Train of Reaſoning too long to be in- 
ſerted here, To undetſtand it throughly, read Chapters the 
18th and 19th of Part the Fourth. 


and 
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and Departure of the other Heavenly 
Bodies, is owing to the Mearneſe of the 
Moon to the Earth ; .which Confideration 
in this Caſe cobalances the Confidera- 
tion of her Smallneſs, the above-men- 
tioned Effects depending in a great Mea- 
ſure, on the Proportion the Diameter of 


the Earth bears to the Di 221 of the 
Heavenly Bodies. 


PRO POSITION XIV. 


| If a Body, whoſe Parts tend to the 
Center thereof, conſiſts wholly of a 
Fluid, or be partly ſolid and partly 
fluid, provided ſome of the Fluid be 
at the Surface, and very diſtant Parts 
thereof communicate with each other ; 
and the Body have no Motion about 
its Axis, it will ſettle into a ſpherical 
Form, the mutual Tendency of its 
Parts towards each other, contracting, 
it into the leaſt poſſible Shape. But 
if it reyolves about its Axis, all its 


Parts 


| 
| 
1 


Parts will endeavour to 
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fly off from 
that Axis; but ſuch as are fartheſt 
from the Axis, more than the reſt : 
Conſequently thoſe Parts in its Surface, 
which are the fartheſt from the Ex- 
tremities of that Axis, being alſo far- 
theſt from the Axis itſelf, will have a 
greater Endeavour to fly off, than 
ſuch as are nearer thoſe Extremities ; 
beſides, as is evident, the former will 
endeavour to fly off directly from the 
Center, but the latter not ſo. The 
above- mentioned Endeavour therefore 
in the former will take off a much 
greater Degree of their Tendency to 
the Center than the Endeavour of the 
latter will; and ſince the ſame may | 
be ſaid of thoſe which are at any other } 


aſſignable equal Diſtances from the 


Center, all thoſe which lie between 
the Center of the Body, and ſuch, as 
are fartheſt from the Extremities of | 
the Axis, will have their Tendency to | 
the Center much more diminiſhed, 

| an 
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chan thoſe will, which lie between the 
Center and the ſaid Extremities: Theſe 
latter Parts therefore will preſs in to- 
wards the Center, overbalance the for- 
mer, and raiſe them to a greater Diſ- 
tance from it than they were at before, 
reſtoring thereby an Equilibrium of the 
Parts of the Body one among another. 
On which Account the Body will aſ- 
ſume a flattiſh or oblate Form. That 
is, ſuppoſing Lines drawn through the 
Middle of its Axis at right Angles there- 
with, thoſe Lines will be lengthen'd and 

the Axis itſelf will be ſhorten'd. | 


Hence the Figures of the Heavenly 
Bodies. : ay 


ProPosITION XV. 


The Impetus or Force wherewith a 
Body in Motion endeavours to proceed 
forwards, depends not only on the 


Quantity of Matter in that Body, but 
| ._.. Ukewiic - 


— — — 


dency to move with, ſu perior to the 
other) and conſequently neither of them 
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likewiſe'on the Swiftneſs the Body moves 
with: Thus, the Stroke of an Hammer 
is not only according to the Bulk or 
Weight of its Head, but is alſo accord- 
ing to the Swiftneſs of the Motion it 
ſtrikes with. If therefore two Bodies 
of equal Quantities of Matter be ſuſ- 
pended at the Ends of a Lever of equal 
Arms, each of them when the Lever 
turns on its Center, having equal De- 
orees of Swiftneſs or Velocity, will 
therefore have the ſame Impetus or 
Force whereby they endeavour to pro- 
ceed (being in like Circumſtances with 
reſpe&t to both thoſe Things, which 


alone can give the one a Force or Ten- 
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will preponderate. If one of the 
Bodies be larger than the other, the 
larger Body having the ſame Velocity 
with the other, but more Matter, will 
have the Advantage, and preponderate. 
If the Arms of the Lever are unequal, 
and 
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and the Bodies equal, that Body which 
is at the greateſt Diſtance from the 
Center of Motion, moving the quickeſt, 
will have the Advantage over the other 
that Way, and overpoile it. So that 
the leaſt Bady or Power, imaginable, 
may be made to equiponderate, over- 
poiſe, or keep in Motion the greateſt, 
by being applied to ſuch a Machine, 
and in ſueh Manner, that when the 
Machine moves, what it wants in 
Weight or Force, may be made out 
by the Velocity it has, compared with 
the Velocity the Body has at the ſame 
Time, which is to be equiponderated, 
over-poiſed, or moyed by it. 


This holds equally in all Machines, 
and is the Foundation of their Theory. 


 ProPosITION XVI. 


Imagine the Surface of a large round 
Body to be covered every where, or in 
. 2 Part, 
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Part, with ſmaller ones to an equal 


Height, and that theſe ſmaller ones 
tend towards the large Body by the 


firſt Principle; imagine alſo the whole 


will equiponderate, or be an equal 
Counterpoiſe to one another; and ſo 
they will, if their Baſes be unequal : 
For in this Caſe the Columns being of 
unequal Size in Diameter, if a larger 
Column ſubſides, the lower Parts of 
that Column (to find Room for them- 
Jelves) will raiſe a ſmaller Column 
farther than the larger one ſettled in 
the ſame Time, and in ſuch Proportion 
that, what the little Column wants in 
Weight, will be made out to it in 
ears}; j and conſequently, accord- 
ing to what was ſhewn in the fore- 
going Propoſition, the little Column 
will be a juſt Balance to the greater. 


Farther, 


Mais of {maller ones divided into Co- 
lumns reaching from Top to Bottom; 
thoſe Columns, if their Baſes be equal, 
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Farther, if in the abovementioned 
Suppoſition, there be a Body among 
hag ſmaller ones, heavier than a 
Bulk of them equal to its own Bulk, 
a Column of which that Body is a 
Part, will be heavier than any other 
Column of an equal Baſe; it will 
therefore ſubſide, permitting the Body 
to come to the Bottom: if the Body 
be lighter than a Bulk of the ſmaller 
ones equal to its own Bulk, a Column, 
of which it makes a Part, will be 
lighter than any other; the Body 
therefore will be buoy'd upwards, till 
it riſes ſo far out above the Surface, 
that it, together with the Column 
below it, may be a Counterpoiſe to 
another Column of equal Baſe. 
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Hence the Effects of the Preſſure of 
Fluids upon one another, and fan 
Solids e in ibem. 
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PROPOSITION XVII. 


Imagine the Surface of a large 
round Body covered every where, or 
in Part, with ſmaller ones to an equal 


Height ; ; and that theſe ſmaller ones 


tend towards the large one by the firſt 
Principle, and that they are at the 
ſame Time diſpoſed to fly from one 
another by Virtue of the third, con- 
ſtituting thereby an elaſtic Subſtance 
ſurrounding that large Body, as in 
Propoſition the ſecond; and let them 
he divided into ebnet as in the 
laſt Propoſition. And let it be far- 
ther ſuppoſed, that the Diſpoſition in 
thoſe fmaller Bodies, whereby they 
endeavour to depart from each other, 
is capable of being increaſed by Heat; 
and that at the Bottom of ſome of 
theſe Columns, that Diſpoſition is ac- 
tually increaſed, but no where elſe, 
or at leaſt not in To great a Degree: 


then 
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then will the Bodies, where that Diſ- 
poſition is increaſed, diffuſe them- 
ſelves into a larger Space, and ſo 
taking up more Room than an equal 
Nuinber in the neigliboufing Columns, 
a Column of which they are a Part, 
will become lighter than a neighbour- 
ing one of an equal Baſe. For, ſince 
the Bodies in the lower Parts of this 
Column are more diſtant from each 
other; than fach as are ih other Co- 
lumns, this Column cannot contain fo 
many of them; that is; it cannot be 
ſo heavy as another of equal Baſe, un- 
leſs it be longer; that is, unleſs the 


uppermoſt Parts thereof ſtand out 


above the Tops of the neighbouring 


Columns ; but this they will not do; 


for by Virtue of the 'Fendency thoſe 
Parts have to the large Body, they 
will immediately (fike Water raiſed 
above the Banks, which before coni- 
fined it) ſpread themfelves every Way. 
This Column therefore, which, ac- 

8 3 cording 
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cording to the foregoing Propoſition, 
before this happened, was a Counter- 
poiſe to thoſe, which are round about 
it, being now become lighter, is no 
longer ſo. 
1s, that the lowermoſt Parts- of the 
neighbouring Columns, will preſs in 
under this from all Sides to reftore the 
Equilibrium. Neither can the Equi- 
librium be reſtored, ſo long as the 
Place we have been conſidering re- 
mains hotter, than thoſe which are 
round about it. 
that come in, will ſpread themſelves 
into a larger Space by Means of the 
Heat they receive there, and fill up 
more Room, than the like Number in 
another Column of equal Baſe, the 
Column to which they belong, will, 
for the Reaſons abovementioned, al- 


ways be lighter than another of equal 
And conſequently, according 


Baſe. 
to the Tenour of the foregoing Pro- 
poſition, the neighbouring Columns 

| | will 


The Conſequence of which 


For, ſince the Bodies, 
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will overpoiſe it, whatever Dimenſions, 
as to their Baſes, we ſuppoſe them to 


be of. 


Imagine the like to happen 10 a Co- 
lumn or Columns of the Earth's At- 
moſpbere, and the lower Parts of the 
neighbouring Columns rufhing in ac- 
cordingly at the Bottom from all round, 
and you have an adequate Idea of the 
Cauſe and Mature of the Winds; 
every Stream of the Particles of the 
Atmoſphere ruſhing in, as above, being 
a diſtin? Wind blowing from that 
Point of the Compaſs from which they 


come. And if you conceive the Center 


F that warmer Space to ſhift its Place 


variouſly upon the Surface of the Earth, 

you then get the Idea of the ſeveral Sorts 
of them, as the Trade Winds, Moon- 
ſoons, &c. For Inſtance, if it ſhifts re- 
gularly along the ſame Path, it cauſes 
Trade Winds; if now forwards, and 
then backwards, Monſoons, &c. 


= 8 Theſe 
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Theſe are the Principal Phænomena 
in Natural Philoſophy that are inde- 
pendent of each other ; the reſt are for 
the moſt Part; no other than ſo many 

particular Caſes, Circumſtances, or Con- 

ſequences of theſe, or, in ſhort one Way or 
other related to them. For the Solution 
of which, I refer the Reader to the Book 


2 


From a due Conſideration of the Pro- 
Pbſitions here laid down, the Reader will 
be able to form a true judgment of he 
Mature and Bufmeſs of Natural. Philo- 
ſophy ; will /ze the Unitormity and Con- 
ſiſteney of the ſeveral Parts thereof with 
each other, and therein the wonder ful 
Wiſdom and Contrivance of the ſu- 
preme Being, in chooſing ſo ſhort and 
eaſy a Method of producing [a great a 
Variety of Effects. 


There is one Thing more I think Pro- 
fer to be taken Motice of, before I put an 
| End 


1 PREFACE. xl 
= End to this Preface; Vit. That is hut 
= en a Sanding Objeftion againſt all 
Natural Philoſophy in general; that 
whereas it aſcribes Effecis #6 natural or 
mechanical Cauſes, a&ing by fixed and 
unalterable Laws, it therefore excludes 
Providence and the immediate Care 
and Protection of the ſupreme Being, 
mialing him no other than an 1dle & Nee 
 :ator of Things here below, 


= 1 Anſwer ta this, it is to be conſi- 
dered in the fir Place, that the Prin- 
ciplerof the Philoſophy which is now re- 
ceived, are ſo far from being ttiechatn- 
cal Tales , at leaſi thoſe which are here 
= made Uſe of; that, as above demonſtrat- 
ed (e), they are the very Reverſe; ant! 
Conſequently can be no other hav rhe 
continual acting of God upon Marter, 
either mediately or immediately. C 72 
quently N url Philofophy, &y endea- 
vouring to account for be! enomena of 


(e) See Note (4) of this Hts, p. 8. 


Na- 
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Mature by thoſe Principles, is ſo far from 
excluding the Deity from being concern- 
ed in the Affairs of this World; that it 
tends to ſbew that none are performed F 
without him. Meither, ſecondly, does 
Natural Philoſophy inculcate, that the 
Laws by which thoſe Principles act, are 
fixed and unalterable : The Accuſation i 

7s therefore foreign. But to conſider this 
Matter a little more particularly. ' i 


Men, in Natural Philoſophy, a 
Principle is ſaid to act according to a 
particular Law, the Meaning is nos, 3 
that it acts neceſſarily and unalterably 
[ fo; ; but only, that it does ſo ordinarily, 
and in common Caſes. | Doubtleſs 5 1 
Author, both of Matter and of thoſe 
very Principles by which it acts, can, 
notwith/landing thoſe Principles, cauſe i 
it to aft differently from what it would 
do in conſequence of them alone, and /o 
by that means produce Effects contrary i 
zo the common Courſe of Nature, when- i 
ever 2 
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ever he ſhall think proper. That he has 
done fo, when wiſe Ends require it, ap- 
pears from Hiſtory. That it may be 
done a Thouſand Ways, unperceived by 
us, is evident. For Inſtance, though 
Lightning may be accounted for by theſe 
Principles; and in all Probability is or- 
dinarily the Reſult thereof ; yet who will 
affirm, that in any one particular Caſe, 
thoſe Principles formed that very Light- 
ning, or that its Courſe was diriftedt by 
them? Upon the whole therefore, to pre- 
me, that the ordinary and common 
Courſe of Mature is not, ſometimes al- 
tered, is haſty and unwarrantable, 
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A 
CoMPENDIoOUs SYSTEM 
OF 


Natural Philoſophy. 


Pax I. 


The INTRODUCTION. 


O wild and extravagant have been the 
Notions of a great Part of Philoſophers, 
both ancient and modern, that it is 
hard to determine, whether they have 

been more diſtant in their Sentiments from 

Truth, or from one another; or have not 

exceeded the Fancies of the moſt fabulous 

Writers, even Poets and Mythologiſts. This 

was owing to a precipitate Proceeding in their 

Enquiries, and a Negle& of Geometry and 

Experiment; without the Aſſiſtance of which, 


it is impoſſible the Powers of natural Agents 
ſhould be diſcovered. 


Tur Manner of Philoſophizing among the 
Ancients was to aſcribe to Bodies certain arbi- 
Vor. I. A trary 


2 The INTRODUCTION. 


trary Properties, ſuch as beſt ſerved their Pur- Mi 
poſe in accounting for the Phznomena * of 
Nature; from whence proceeded fo many vart- 
ous Sects of Philoſophers ; every one aſſigning 
a different Cauſe to the ſame Appearance, as his 
particular Genius and Imagination ted him. 


Tux chief Agreement obſervable among 
molt of them, conſiſts in this, viz. that they 
conceived all Bodies, as Compoſitions of Air, 
Earth, Fire, and Water, or ſome one or more 
of them, from whence theſe acquired the 
Name of Principles or Elements, which they 
ſtill retain. 


Er1cuRus advanced a little farther, and 
aſſerted, that though Bodies conſiſted of ſome 
one or more of theſe, yet that they were not 
ſtrictly Elements, but that theſe themſelves con- 
ſiſted of Atoms; by an accidental Concourſe 
of which (as they were moving through infinite 
Space in Lines nearly parallel) all Things re- 
ceived their Form and Manner of Exiſtence Ff. 


Des CAR T Es has contrived an Hypotheſis 
very different from the reſt: He ſets out with a 


* By a Phznomenon of Nature, 1s meant any Motion or Si- 
tuation of Bodies among one another, which offers itſelf to the 
Notice of our Senſes, and is not the immediate Reſult of the 
Action of an intelligent Being. 


+ For the Opinions of the ancient Philoſophers, conſult 
Diogenes Laertius, and Stanley's Lives. g 
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Suppoſition that the Univerſe at firſt was entire 
ly full of Matter; that from this Matter, when 
firſt put in Motion, there would neceſſarily be 
rubbed off (by the grinding of the ſeveral Parts 
one againſt another) fome Particles ſufficiently 
fine to paſs through the hardeſt and moſt ſolid 
Bodies without meeting with any Reſiſtance : 
Of theſe conſiſts his Materia ſubtilis, or Mate- 
ria primi Elementi. He imagined, that from 
hence alſo would reſult other Particles, of a 


globular Form; to which he gave the Name 


of Materia ſecundi Elementi. Thoſe which did 


not ſo far loſe their firſt Figure, as to come 


under the Denomination of Materia primi or 


ſecundi Elementi, he called Materia tertii Ele- 


menti; and maintained, that all the Variety, 


which appears in natural Bodies, was owing to 


different Combinations of thoſe Elements. | 


H x likewiſe ſuppoſes, that God created a 
certain Quantity of Motion, and aſſigned it 
to this Maſs of Matter ; and that That Mo- 
tion (being once created) could no more be 
annihilated, without an omnipotent Hand, 
than Body itfelf: In Conſequence of which, 
he was obliged to teach, that the Quantity of 
Motion is always the ſame : So that, if all the 
Men and Animals in the World were moving, 
yet (till there would be no more Motion than 
when they were at Reſt, the Motion which 
they had not, when at Reſt, being transferred 
' > Ro to 
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to the Ether. So unaccountable are the No- 
tions of this great Philoſopher, that it is ſur- 
prizing his Doctrine ſhould have met with 


ſuch univerfal Reception, and have got ſo 


ſtrong a Party of Philoſophers on its Side. 


Des CARTES has been ſaid, by a late 
Writer *, to have joined to his great Genius an 
exquiſite Skill in Mathematics, and, by mixing 
Geometry and Phyſics together, to have given 
the World Hopes of great Improvements in 
the latter. But this Writer ought to have con- 
ſidered, that what he looked upon, in DES 
CARTES“s Book of Principles, as Demon- 
ſtrations, are only Illuſtrations, there not being 


a Demonſtration from Geometry in all his 
Philoſophical Works r. 


Tur preſent Method of Philoſophizing, 
eſtabliſhed by Sir IS AAC N EWTON, is to 


find out the Laws of Nature by Experiments 


and Obſervations. To this, with a proper 
Application of Geometry, is owing the great 
Advantage the preſent Syſtem of Philoſophy 
has over all the preceding ones, and the vaſt 
Improvement it has received within the laſt 


Mr. Ftten, in his Reflections on ancient and modern 
Learning. 


+ See this Subject diſcuſſed more at large in Keil's Intro- 
duction to his Examination of Dr. Burnet's Theory. 


Age, 


. 7 . * 
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Age, It is indeed in vain to imagine, that a 
Syſtem of Natural Philoſophy can be framed 
by any other Method; for without Obſerva- 
tions it is impoſſible we ſhould diſcover the 
Phænomena of Nature, without Experiments 
we muſt be ignorant of the mutual Actions of 
Bodies, and without Geometry we can never 
be certain whether the Cauſes we aſſign be 
proportionate to the Operations we would ac- 
count for, as the various Syſtems of Philo- 


ſophy built on other Foundations evidently 
ſhew. 


Tr1s Way of ſearching into Nature was 
firſt propoſed by my Lord Bacon *, proſe- 
cuted by the Royal Society, the Royal Academy 
at Paris, the Honourable Mr. BoyLe, Sir 
Is AAc NEwFOAN, &c. 


Wu Ar wonderful Advancement in the 
Knowledge of Nature may be made by this 
Method of Enquiry, when conducted by a 
Genius equal to the Work, will be beſt under- 
ſtood by conſidering the Diſcoveries of that 
excellent Philoſopher laſt mentioned. To Him 
it is principally owing, that we have now a 
rational Syſtem of Natural Philoſophy ; 'tis 
He, who, by purſuing the ſure and unerring 
Method of Reaſoning from Experiment and 


See his Nowum Organum. 


"5 Obſer- 


6 The INTRODUCTION. 
Obſervation, joined with the moſt profound 

Skill in Geometry, has carried his Enquiries 
to the moſt minute and inviſible Parts of Mat- 


ter, as well as to the largeſt and moſt remote 
Bodies in the Univerſe, and has eſtabliſhed a 


Syſtem not ſubject to the Uncertainty of a mere 


Hypotheſis, but which ftands upon the fecure 
Baſis of Geometry itſelf. 
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The Properties of Body. 


T being the Deſign of Phy/ics, or Natural 
Philoſophy, to account for the Pheno- 
mena of the Material World, it is neceſſary 
to begin with laying down the known Pro- 
perties of Body. | 

THESE are, 1. Solidity. 2. Extenſion. 

2. Diviſibility. 4. A Capacity of being moved 
from Place to Place. 5. A Pafhvenels or In- 
activity. 

I. SOLIDITY, called alſo Impenetrability, 
is that Power which Body has of excluding all 
others out of its Place. 

THAT Body, as ſuch, muſt be endued with 
this Property follows from its Nature, for 
otherwiſe two Bodies might exiſt in the ſame 
Place, which is abſurd. - The ſofteſt are equal- 
ly ſolid with the hardeſt ; for we find, by Ex- 
periment, that the Sides of a Bladder, filled 


with Air or Water, can by no Means be made 


to come cloſe together *. 
2. THAT 


* At Florexce a hollow Globe of Gold was filled with Wa- 
ter, and then exactly cloſed ; the Globe thus cloſed was put 
into a Preſs driven by the Force of Screws; the Water, find- 
ing no Room for a nearer Approach of its Particles towards 


each other, made its Way through the Pores of that cloſe 


A 4 Metal, 


8 The Properties of Body. Part J. 


3. TH a T Body is extended, is ſelf-evident, 
it being impoſſible to conceive any Body 
which has not Length, Breadth, and Thick- 
neſs, that is, Extenſion. 

3. IT is no leſs evident, that Body is divi- 
ſible; for, ſince no two Particles of Matter can 
exiſt in the ſame Place, it follows that they are 
really diſtin from each other, which is all 
that is meant by being diviſible. 

In this Senſe, the leaſt conceivable Particle 
muſt ſtill be diviſible, fince it will conſiſt of 
Parts which will be really diſtint “. To il- 
luſtrate this by a familiar Inſtance: Let the 
leaſt imaginable Piece of Matter be conceived 
lying on a ſmooth plain Surface; tis evident, 


the Surface will not touch it every where; 


thoſe Parts, therefore, which it does not touch, 
may be ſuppoſed ſeparable from the other, and 
ſo on as far as we pleaſe ; and this is all that 


Metal, ſtanding in Drops like Dew on the Outſide, before the 
Globe would yield to the violent Preſſure of the Engine. 
V. Acad. del Ciment. Bags 1 05 


* This Propoſition is demonſtrated Geometrically thus: Sup- 
poſe the Line 40 (Fig. 1.) perpendicular to BF, and another, 
as GH, at a ſmall Diſtance from it, alſo perpendicular to the 
ſame Line; with the Centers C, C, C, &c. deſcribes Circles cug- 
ting the Line GH in the Points e, e, e, &. Now the greater 
the Radius AC is, the leſs will be the Part e H. But the Radius 
may be augmented in inſhitum. So long, therefore, the Part 
EH may be divided into till leſs Portions ; conſequently it may 
be divided in infinitum. Q. E. D. V. Keil's Introd. on Phyſ. Præd. 
3, 4» . Grave/ande's Elem. Math. Phyſ. L. 1. C. 4. Schol. 
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Chap. I. The Properties of Body. 9 


is meant, when we ſay Matter is infinitely 


diviſible. 
How far Matter may actually be divided, 


1 may in ſome manner be conceiv'd from hence *, 


that a Piece of ſmall Wire, gilt with ſo ſmall a 
Quantity as eight Grains of Gold, may be 
drawn out to 2 Length of thirteen Thouſand 
Feet, the whole Surface of it ſtill remaining 


X cover'd with Gold +. 


A Quantity of Vitriol, being diſſolved and 


mix'd with nine Thouſand Times as much 


Water, will tinge the whole, conſequently 
the Vitriol will be divided into as many Parts 
as there are viſible Portions of Matter in that 
Quantity of Water F. 

TERRE are Perfumes, which, without a ſen- 
ſible Diminution of their Quantity, ſhall fill 
a very large Space with their odoriferous Par- 
ticles, which muſt therefore be of an incon- 
ceivable Smallneſs, fince there will be a ſuffi- 


* We have a ſurprizing Inſtance of the Minuteneſs of ſome 
Parts of Matter, from the Nature of Light and Viſion, Let a 
Candle be lighted and placed in an open Plane, it will then be 
viſible two Miles round, conſequently was it placed two Miles 
above the Surface of the Earth, it would fill with luminous Par- 
ticles a Sphere, whoſe Diameter was four Miles, and that be- 
fore it had loſt any ſenſible Part of its Weight The Force of 
this Argument will appear better when the Reader is acquaint- 
ed with the Cauſe of Viſion. 


+ Keils Introd. ad Phy. Przl. 5. Religious Philoſ. Con- 
templ. 25. ; 


$ Mem. de Acad, 1506. R 


cient 


— 


20 Vacuum. Part L 


cient Number in every Part of that Space, ſen- 
ſibly to affect the Organ of Smelling, 
4. THAT all Matter is moveable, follows 


from its being finite ; and to ſuppoſe it poſt- | 


tively infinite is abſurd, becauſe it conſiſts of 


Parts ®, 
5. By the Paſſiveneſs or InaQtivity of Mat- 
ter, (commonly call'd its Vis Inertiæ) is meant 


the Propenſity it has to continue its State of 


Motion or Reſt, till ſome external Force acts 

upon it. This will be farther explained under 
the firſt Law of Nature, in Chapter the fourth 
of this Part. 


Of Vacuum. 


LACE void of Matter is called empty 


Space, or Vacuum. 


II. IT has been the Opinion of ſome Phi- 
loſophers, particularly the Carteſians, that Na- 
ture admits not a Vacuum, but that the Uni- 
verſe is entirely full of Matter: In conſe- 
quence of which Opinion they were oblig d 
to aflert, that if every Thing contain'd in a 
Veſſel could be taken out or annihilated, the 
Sides of that Veſſel, however ſtrong, would 
come together; but this is contrary to Expe- 


* See Mr. Law's Tranſlation of Abp. King de Origine Mal. 
Ne 3. 
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Chap. II. Vacuum. 11 


rience, for the greateſt Part || of the Air may be 
drawn out of a Veſſel by means of the Air- 
Pump, notwithſtanding which it will remain 
whole, if its Sides are ſtrong enough to ſupport 
the Weight of the incumbent Atmoſphere. 
III. SHoULD it be objected here, that as it is 
impoſſible to extract all the Air out of a Veſſel, 
and that there will not be a Vacuum on that 
Account; the Anſwer is, that ſince a very great 
Part of the Air, that was in the Veſſel, may be 
drawn aut, as appears by the more quick De- 
ſcent of light Bodies in a Receiver & when ex- 
hauſted of its Air, there muſt be ſome Vacuities 
between the Parts of the remaining Air; which 
is ſufficient to conſtitute a Vacuum. Indeed to 
this it may be objected by a Cartefan, that 
thoſe Vacuities are filled with Materia ſubtilis, 
that paſſes freely through the Sides of the Veſſel, 
and gives no Reſiſtance to the falling Bodies: 
But as the Exiſtence of this Materia ſubtilis can 
never be prov'd, we are not ablig'd to allow the 
Objection; eſpecially ſince Sir Is AAc NRW TON 
has found, that all Matter affords a Reſiſtance 
=X nearly in Proportion to its Denſity +. 
5 THERE are many other Arguments to prove 
this, particularly the Motions of the Comets 


A Veſſel cannot be entirely exhauſted of its Air, becauſe 
the Action of the Pump depends on the Spring of that which 
remains in the Veſſel, Fey” 

By this Term is meant any Veſſel, out of which we ex- 


tract the Air by the Air-Pump. 
+ Newer. Principia, Lib. 2. Prop. 31. & 40. & Opt. Edit. 2. 
Book 3. Quer. 18, 19, 20, 21. Deſagul. Lect. 1. Ann. 2. 
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12 Attraction and Repulſion. Part J. 


through the Heavenly Regions without any 
ſenfible Reſiſtance “; the different Weight of 
Bodies of the ſame Bulk, &c. but thoſe being | 


not yet explained, are not ſo proper to be in- 
led on in this Place. 


. 


9 F Attraftion and Repulſion. 

: J. ESI DEs the forementioned Proper- a 
ties of Matter, it has alſo certain 
Powers or active Principles, known by the 

Names of Attradlion and Repulſion, probably i 

not effential or neceſſary to its Exiſtence, but Wi 

impreſſed upon it by the Author of its Being, 

for the better Performance of the Offices for 

E 'which it was deſign'd. 4 
II. ATTRACTION is of two Kinds. 1. Co- 3 

heſion, or that by which minute Bodies, (ot. 

the ſeveral Particles of the ſame Body) when il 

placed aſunder at very ſmall Diſtances, mutu- 3 

ally approach each other; and then adhere o 

ſtick together, as if they were but one. 2. Gra-. 

vitation, or that by which diſtant Bodies ck 

upon each other. 3 

III. Tur Attraction of Cohefion is boi 

from abundance of Experiments, of which ſome 

of the moſt obvious are as follows. 4 


. Deſagul. Let, 1. Annotat, 8, 
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Chap. III. Attraction and Repulſion. 13 
1. LET a ſmall Glaſs Tube (commonly call'd 


CCIE Eo EN 


a Capillary Tube) open at both Ends, be dipt 
8 into a Veſſel of Water, the Water will imme- 
diately riſe up in the Tube to a certain Height 


| above the Level of the external Water. This 
Riſe of the Water in the Glaſs Tube is manifeſt- 
ly owing to the Attraction of thoſe Particles of 
the Glaſs, which lie in the inner Surface of the 
Tube immediately above the Water: Accord- 
ingly the Quantity of Water raiſed is always 
found to be proportionable to the Largeneſs 


4 W 0 
7. N „ * 
* I 8 2 2 2 * N 72 95 


n 


as of that Surface *. 

in 2. LET two Spheres of Quickſilver be 
he placed near each other, and they will immedi- 
M ately run together, and form one Globule. 

ut IV. Tux Laws of this Attraction are, 1. 
18, That it acts only upon Contact, or at very ſmall 


Diſtances ; for the Spheres, mentioned in the 
laſt Experiment, will not approach each other, 


(ot The Heights the Water riſes to in different Tubes, are ob- 
len ſerved to be reciprocally as the Diameters of the Tubes, from 


whence it follows, that the Qyantities raiſed are as the Surfaces 
Which raiſe them, 


7 Dem. Let there be two Tubes, the Diameter of the firſt 
ö double to that of the ſecond, the Water will riſe half as high 
in the firſt as in the ſecond: Now was it to riſe equally high 
in both, the Quantity in the firſt would be four Times as great 
as in the ſecond, (Cylinders of equal Heights being as the 


Squares of their Diameters ; 11. EI. 14.) therefore ſince it is 
found to riſe but half as high, the Quantity is but twice as 
much, and therefore as the Diameter; but the Surfaces of 
Cylinders are as their Diameters, therefore the Quantities of 
Water raiſed are alſo as the Surfaces. ©. E. D. 

See the Diſſertation on this Subject, Part II. 


till 


till they are plac'd very 
ing to the Breadth of the Surfaces of the at- 
tracting Bodies, and not according to their | 


Quantities of Matter. For, let there be two 
poliſh'd Glaſs Plates laid one upon another, in 
fuch a manner as to touch at one End, and 
there make a very ſmall Angle: If two une- 

put between theſe Plates, 
at equal Diſtances Soar! the Line of Contact, ſo 


qual Drops of Oil be 


that the leaſt may touch both Glaſſes, they 
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14 Artraftion and Repulſon. Part f. 


near. 2. It acts accord- 


will then both move towards the Ends that 
touch, becauſe the Attraction of the Surfaces ll 


inclines that Way; but the largeſt, touching 


the Glaſſes in moſt Points, will move the faſt- 
eſt. 3. Tis obſerv'd to decreaſe much more il 
than as the Squares of the Diſtances of the 
attracting Bodies from each other increaſe: That 


is, whatever the Force of Attraction is at a gi- 


ven Diſtance, at twice that Diſtance it ſhall be 


more than four Times leſs than before *. 


V. Fx o M hence it is eaſy to account for the 
different Degrees of Hardneſs in Bodies ; thoſe 1 
whoſe conſtituent Particles are flat or ſquare, 1 


and fo ſituated as to touch in many Points, 
will be hard; thoſe Particles which are more i 
round, and touch in fewer Points, will conſti- 


2 


tute a ſofter Body; thoſe which are ſpherical, 
or nearly of that Figure, will form a Fluid 7. 


* K-ilii Opera Ed. 470, p. 626. 
+ See Rchault in the Notes, p. 105, 108. See Part 1. : 
@hap. I. 5. 2. in the Notes. Newtorzi. Optic. p. 335. | 
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Chap. III. Attraction and Repulfion. 1 5 
VI. ATTRACTION of Gravitation is that, 
by which diſtant Bodies act upon each other. 
Of this we have daily Inſtances in the falling 
of heavy Bodies towards the Earth. 
= VII. Tur Laws of this Attraction are, 1. 
WT That it decreaſes, as the Squares of the Diſtances 
between the Centers of the attrafting Bodies 
increaſe. Thus, a Body, which at the Sur- 
face of the Earth (i. e. about the Diſtance of 
four Thovfand Miles from its Center) weighs 
ten Pounds, if it was placed four Thouſand 
Miles above the Surface of the Earth, 7z. e. 
twice as far diſtant from the Center as before, 
8 would weigh four Times leſs ; if thrice as far, 
nine Times leſs; Se. The Truth of this Pro- 
poſition is not to be had from Experiments, 
(che utmoſt Diſtance we can convey Bodies to, 
from the Surface of the Earth, beating no Pro- 
portion to their Diſtance from its Center,) 
but is ſufficiently clear from the Motion ob- 
ſerved by the heavenly Bodies. 2. Bodies at- 
tract one another with Forces proportionable 
to the Quantities of Matter they contain; for 
all Bodies are obſerved to fall equally faſt in 
the exhauſted Receiver, where they meet with 
Ino Reſiſtance. From whence it follows, that 
the Action of the Earth upon Bodies is exact- 
iy in Proportion to the Quantities of Matter 
chey contain; for was it to act as ſtrongly 
upon a leſs Body as upon a larger, the leaſt 
1. ody, being moſt eaſily put into Motion, 
4 8 would 
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16 Attraction and Repulſion. Part I. 


would move the faſteſt. Accordingly, it is 
obſervable, that the Weight of a, Body is the 
ſame whether it be whole, or ground to 
Powder *. | 

VIII. FROM hence it follows, that, was a 
Body to deſcend from the Surface toward the 


Center of the Earth, it would continually be- 
come lighter and lighter, the Parts above at- 
tracting it, as well as thoſe below; in which 
Caſe it is demonſtrated by Mathematicians, 
that the Gravity would decreaſe with the Diſ- 


tance of the Body from the Center +. 


_ * Graveſande, Lib. 4. Chap. 11. Cotes's Preface to Newton's i 


Princip. 


+ Dem. Let there be a Body as P (Fig. 2.) placed any ; 


Scholtum. 7 


where within a Concave Sphere, as AB, and let us ſuppoſe it 


divided into an infinite Number of thin concentric Sutfaces ; 


I ſay, the Body P will be attracted equally each body 7 any | 
Lines 
as IL, HK, &c. drawn through any Point of the Body P, in 


one of theſe, v. g. the interior HIKLM. Let there 


ſuch a Manner as to form the Surface of two fimilar Figures; | 


—_ Cones, the Diameters of whoſe Baſes may be 7H, KL, 
which let us ſuppoſe infinitely ſmall. Theſe Baſes (being as the 
Squares of the Lines IH, KL) (2. Elem. 12.) will be directly, as the 


Squares of their Diſtances from P (for the Triangles IPH, KPL, 
being infinitely ſmall, are fimilar.) But thoſe Baſes include all # 


the Particles of Matter in the interior Surface, that are oppoſite 


33 
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to each other; the oppoſite Attractions are therefore in the 


ſame Ratio with thoſe Baſes, that is as the Squares of the Diſ- i 
tances PX, PI. But the Attraction is inverſely, as the Squares of 
the Diſtances of the attracting Bodies, 5. 7. i. e inverſely as the 


Squares of the ſame Diſtances PK, PI; theſe two Ratios i 


therefore deſtroying each other, it is evident, that if the Con- 
cavity of the Sphere was filled with Matter, that alone, which 


lies nearer the Center than the Body, can effect it, the reſpeCtive 
Actions of all the Parts, that are more diſtant, being * 4 
| L - 


Chap. III. Attraction and Repulſion. 17 

Scholium. Ir may be proper to obſerve here, 
that when Philoſophers ſpeak of Bodies gravi- 
tating to, or attracting each other, that Body 
is ſaid to gravitate to another, which moves to- 
wards it, while the other actually is, or appears 
to be, at Reſt, and this other is ſaid to attract 
the former; though indeed the Force bein 
mutual and equal on both Sides (as will be ex- 
plain'd under the third Law of Nature) the 
ſame Term might be apply'd to either the gra- 
vitating or attracting Body. | 

I T is farther to be obſerv'd, that when we 
uſe the Terms, Attraction or Gravitation, we 
do not thereby determine the Phyſical Cauſe 
of it, as if it proceeded from ſome ſuppoſed 
BE occult Quality in Bodies; but only uſe thoſe 
8 Terms to ſignify an Effet, the Cauſe of 
which lies out of the Reach of our Philoſophy. 
Thus, we may fay, that the Earth attracts hea- 
vy Bodies; or that ſuch Bodies tend to gravi- 
tate to the Earth : Although at the ſame Time 


and in contrary Directions, ſince the ſame is demonſtrable of any 
of the remaining concentric Surfaces. Let us ſee then what Ef- 
fect that, which lies nearer the Center than the Body, will have 
upon it, which may be confidered as a Sphere, on whoſe Surface 
the Body is placed The Diſtances of each Particle of Matter 
from the Body, (taken collectively) will be as the Diameter of 
the Sphere, or as the Radius, ; e. as the Diſtance of the Body 
from the Center: Their Action therefore upon the Body will be 
inverſely as the Square of that Diſtance ; but the Quantity of 
Matter will be as the Cube of that Diſtance, (18 Elem. 12.) the 
Attraction therefore will be alſo in that Proportion. Now, 
theſe two Ratios being compounded, the Attraction will be 
only as the Diſtance of the Body from the Center. Q. E. D. 
You. 1. B we 


18 Attraction and Repulſion. Part I. 


we are wholly ignorant: Whether this is ef- 
fected by ſome Power, actually exiſting in the 
Earth, or in the Bodies, or external to both; 
ſince it is impoſſible any Ertor in our Reaſon- 
ings can follow from hence: It being evident, 
that all the Conſequences of ſuch Tendency 
muſt be the ſame, let the Cauſe be where, or 
what it will. 

X. REPULS10N is that Property in Bodies, 
whereby, if they are placed juſt beyond the 
Sphere of each other's Attraction and Coheſion, 
they mutually fly from each other. 

Ir an oily Subſtance, lighter than Water, 
be placed on the Surface thereof, or if a Piece 
of Iron be laid on Mercury, the Surface of the 
Fluid will be depreſs'd about the Body laid on 
it: This Depreſſion has been by ſome aſcrib'd 
to a repelling Power in the Bodies, which 
| Hinders the Approach of the Fluid towards 

them. 
hour it is more generally imputed to this, 
that the Particles of the Fluid attract each other, 
in theſe and the like Inſtances, more forcibly 
than they are attracted by the Body laid on it; 
and ſo recede from the Body as far as the Gra- 
vity of the neighbouring Particles of the Fluid 

will permit them. 

Ix is poſſible in ſome Caſes to preſs or force 
the Particles of different Subſtances, that ſeem 
to repel each other in this Manner, fo near to- 
gether, that they ſhall mutually attract each 

other: 
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Chap. III. Attraction and Repulſion. 19 
other: As when we mix Oil and Water till 
they incorporate. | 

Tus Property is however exceedingly ap- 
parent in the Particles of the Air, which are 
endued with fo ſtrong a repulſive Force with 
regard to each other, that they never could, by 
any Experiment yet made upon them, be com- 
preſſed or driven ſo cloſe together, but they 


would ſtill endeavour to fly from each other *. 


XI. Bes1DEs the general Powers foremen- 


tioned, there are ſome Bodies that are endued 
with another, call'd Electricity. Thus Amber, 


Jet, Sealing-Wax, Agate, Glaſs, and moſt 
Kinds of precious Stones attract and repel light 
Bodies at conſiderable Diſtances. 

Tre chief Things obſervable in theſe Bo- 
dies are, 1. That they don't act, but when 
heated. 2. That they act more forcibly when 
heated by rubbing, than by Fire. 4. That, 
when they are well heated by rubbing, light 
Bodies will be alternately attracted and repell'd 
by them, but without any obſervable Regula- 
rity whatever. 4. If a Line of ſeveral Yards in 
Length has a Ball, or other Body ſuſpended at 


one End, and the other End be fixed to a Glaſs 


Tube; when the Tube is heated by rubbing, the 
Electrical Virtue of the Glaſs will be commu- 
nicated from the Tube to the Ball, which will 
attract and repel light Bodies in the ſame Man- 


dee a further Proof of this Repulſive Force in Sir Iſaac 
Newton's Opticks, B. 3. and Query 31. 


B 2 | ner; 
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20 Laws of Motion. Part J. 
ner, as the Glaſs itſelf does. 5. If the Glaſs Tube 
be emptied of Air, it loſes its Electricity *ﬀ. 
XII. LAsTLy, the Loaditone is obſerv'd to a 
have Properties peculiar to itſelf, as that by which 
it attracts and repels Iron, the Power it commu- 
nicates to the Needle, and ſeveral others . 


| CHAP 19... 
Of the Laws of Motion, commonly called 


Jr Isaac NEwTON s Laws of Mature. 


I. LL Bodies continue their State of 
Reſt, or uniform Motion in a right 
Line, till they are made to change that State 
by ſome external Force impreſſed upon them. 
Tris Law is no other, than that univerſal 
Property of Bodies, called Paſſiveneſs or In- 
activity; whereby they endeavour to continue 
the State they are in, whatever it be. Thus 
a Top only ceaſes to run round on Account of 
the Reſiſtance it meets with from the Air, 
and the Friction of the Plane whereon it 
moves. And a Pendulum, when left to vi- 
brate in vacuo, where there is nothing to ſtop 
it, but the Friction ariſing from the Motion 
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* See Haukſbee's Evperiments. Phileſoph. Tranſact. Noz 26. 

+ Several Solutions of theſe Properties of Electricity and Mag- 
net iſm have been attempted by different Philoſophers, but all of 
them ſo unſatisfactory as not to deſerve a particular Account in 
this Place. See Chambers's Dictionary in Eledricity, and De, 
Cartes Opera Philoſophica. P. IV. F. 133. with ſeveral other, 
reteri'd to in Yuxfticnes Phileſophice, Deſagul. Lect. I. F. 33. 
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Chap. IV. Laus of Motion. 21 
of the Pin on which it is ſuſpended, conti- 
nues to move much longer, than one in the 
open Air. 

II. Tae Change of Motion produced in 
any Body, is always proportionable to the 
Force, whereby it is effected; and in the fame 
Direction, wherein that Force acts. 

Tris is an immediate Conſequence of this 
Axiom; The Effect is always proportionable to 
its Cauſe. For Inſtance, if a certain Force 
produces a Certain Motion, a double Force 
will produce double the Motion; a triple 
Force triple the Motion, &c. It a Body is in 
Motion, and has a new Force impreſſed on it 
in the Direction wherein it moves, it will re— 
ceive an Addition to its Motion, proportional 
to the Force impreſſed; but if the Force acts 
directly contrary to its Motion, the Body will 
then loſe a proportional Part of its Motion : 
Again, if the Force is impreſſed obliquely, it 
will produce a new Direction in the Motion 
of the Body, more or leſs different from the 
former, in Proportion to its Quantity and Di- 
rection *. Jo: 


HI. RE- 


This Caſe is expreſſed more accurately by Mathematiciars 
thus. If the Proportion and Direction of two Forces, ain 
upon a Body at the ſame Time, be repreſented by the Sides of 
a Parallelogram, the Diagonal of that Parallelogram will re- 
preſent the Proportion and Direction of their united Forces. 

Dem. Let the Body A (Fig. 3.) be impell'd with the Force, 


which would carry it to E, in the ſame Time that another, act- 


ing upon it in the Direction 4D, would carry it to D. Ima- 
B 3 gine 


22 Laws of Motion. Part I, 


III. REACTI1oN is always contrary, and 
equal to Action; or the Actions of two Bodies 
upon each other, are equal, and in contrary 
Directions. 5 | 

THvus, ſuppoſe a Stone, or other Load to 
be drawn by an Horſe; the Load reacts upon 
the Horſe, as much as the Horſe acts upon the 
Load; for the Harneſs, which is ſtretched 
equally between them both Ways, draws the 
Horſe towards the Stone, as much as it does 
the Stone towards the Horſe; and the progreſ- 
five Motion of the Horſe is as much retarded 
by the Load, as the Motion of the Load is 


gine that while the Body paſſes to E, the Line 4D (in which 
the Body moves by the other Force) moves to EB, in a Direc- 
tion parallel to itſelf; when the Body has advanced to & in 
the Line AE, the Line AD will have got toGF, and the Body 
will have paſſed over GH, ſuch a Part of it, as bears the ſame 
Proportion to the whole Line GF, as AG does to AE, that is 
G7 (the ſhorter Side of the Parallelogram GM.) is, to GF, 
or, which is the ſame Thing, to EZ, (the ſhorter Side of the 
Parallelogram ED) as AG (the longer Side of the former) is 
to AF the longer Side of the latter; from whence the Paral- 
lelograms are ſimilar, EI. 6. Def. 1. and conſequently, by 24 
El. 6. the Point His in the Diagonal, that is, the Body will 
always be found in the Line AB. Q. E. D. 
Coroll. From hence we have an eaſy Method of reſolving 
a given Motion into any two, or more Directions whatever; 
viz. by deſcribing a Parallelogram about the given Direction 
as a Diagonal, the twe Sides of which will repreſent the Di- 
rections fought. Thus, ſuppoſe a Body was impell'd in the 
Line AB, we may conceive it is acted upon by two Forces at 
the ſame Time, one towards E, the other towards D, or por 
other two whatever, provided the Lines be drawn of ſuc 
Length, that, when the Parallelogram is compleated, the given 
Line AB ſhall be its Diagonal, 
promoted 
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promoted by the Endeavour of the Horſe *. 
This will be better explained from the follow- 
ing Inſtance; let a Perſon, ſitting in a Boat, 
draw another Boat equally heavy towards 
him, they will both move towards each other 
with equal Velocities: Let the Boat he ſits in 
be the lighteſt, and it will move the faſteſt; 
becauſe the Action being equal on both Sides, 
the ſame Quantity of Motion will be given to 


each Boat, that is, the leſſer will have the 


greater Velocity . 

Wer have a farther Confirmation of this 
from Attraction. Suppoſe two Bodies attract- 
ing one another, but prevented from coming 
cloſe together by ſome other Body placed be- 
tween them: If their reſpective Actions, by 
which they tend towards each other, were not 
equal on both Sides, then would the interme- 
diate Body be preſſed more one Way than the 


other, and ſo all three would begin to move 


of themſelves the ſame Way; but that three 
Bodies ſhould be put into Motion after this 
Manner, when no foreign Force acts upon 


* It may be thought perhaps, (two equal and contrary 
Forces deſtroying one another) the Horſe will in this Caſe not 
be able to move at all, becauſe the Load draws him back, as 
much as he draws the Load forwards. But it is to be obſerv- 
ed, that the Strength of the Horſe is not properly exerted up- 
on the Load but upon the Ground ; and conſequently the 
Ground, reacting and continuing at Reſt, puſhes the Horſe 
forward with juſt ſo much Force as the Horſe exerts, above 
what is counteracted by the Load. 


+ See the Diſtinction between Motion and Velocity, Chap. . 
B 4 them, 
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them, is contrary to Experience, conſequently 
whatever different Degrees of Force, any two 
Bodies may be capable of exerting, their mu- 
tual Actions on each other, are always equal. 
This may be tried with a Loadſtone and Iron; 
which, being put into proper Veſſels, contigu- 
ous to one another, and the Veſſels made to 


float on the Surface of the Water, will be an 


exact Counterbalance to each other, and re- 
main at Reſt, whatever be the attractive Power 
of the Loadſtone, or the Proportion of their 
reſpective Magnitudes. 

THESNH Laws receive an abundant adds 
onal Proof from hence, viz. that all the Con- 
cluſions that are drawn from them, in Relation 
to the Phænomena of Bodies, how complicat- 
ed ſoever their Motions be, are always found 
to agree perfectly with Obſervation. The 
Truth of which ſufficiently appears in all Parts 
of the Newtonian Philoſophy “. 


CHAP. y; 
The Phenomena of Falling Bodies, 


I. HE Laws of Nature being thus explain- 
ed, we proceed to account for ſome of 
thoſe Phænomena, which are ſolvable by them. 


See theſe Laws explain'd more at large by Cheyne in his 
Principles of Philoſophy. Kefl's Introd. ad Phyſ. Præl. 11,12. 
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II. To begin with thoſe of falling Bodies. 


| | Conſtant Experience ſhews, that Bodies have a 


Tendency towards the Earth, which is call'd 
Gravity, the Laws of which were enumerated 
in Chap. III. §. 7. 

III. Tu Height Bodies can be let fall from, 
bears ſo ſmall a Proportion to their Diſtance 
from the Center of the Earth, that it cannot 
ſenſibly alter their Gravity; which therefore 
may be conceived, as acting conſtantly and uni- 
formly upon them, during the whole Time of 
their Fall: From whence they muſt neceſſarily 
acquire, at every Inſtant, an equal Degree of 
Velocity, which on that Account will conſtant- 
ly increaſe, in Proportion to the Time the Bo- 
dy takes up in falling. 

IV. Tur Spaces Bodies fall through in dif- 
ferent Times, reckoning from the Beginning of 
their Fall, are as the Squares of thoſe Times ; 
thus, a Body will fall four Times as far in two 


Minutes, as it does in one, and nine Times as 
far in three, ſixteen Times as far in four, &c. “* 


V. FROM 


In order to demonſtrate this Propoſition, it will be neceſ- 
ſary to lay down the following Theorem, wiz. | 
That the Space a Body paſſes over, with an uniform Motion, 
is in a Ratio compounded of the Time and Velocity. For the 
longer a-Body continues to move uniformly, the more Space it 
moves over ; and the faſter it moves during any Interval of 
Time, the farther it goes; therefore the Space is in a Ratio com- 
pound of both, that 1s, is had by multiplying one into the other. 

Coroll. Therefore the Area of a Rectangle, one of whoſe Sides 
repreſents the Celerity a Body moves with, and the other the 
Time of its Motion, will expreſs the Space it moves through. 


This 
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V. FRO M this Propoſition it follows, that a 4 
Body falls three Times as far, in the ſecond j 
Portion of Time, as it does in the firſt ; five 
Times as far in the third; ſeven Times in the 
fourth, and ſo on in the Series of the odd 
Numbers: For otherwiſe it could not fall four 


This being premiſed, let the Line 4B (Fig. 4.) repreſent 
the Time a Body takes up in falling, and let BC exprefs the 
Celerity acquir'd by its Fall; farther let the Line AB be di- 
vided into an indefinite Number of ſmall Portions, er, in, 
mp, &c. and let ef, ik, un, pg, &c. be drawn parallel to the 
Baſe. Now it is evident from F. 3. (vx. that the Velocities Wl 
are as the Times in which they are 4cquir'd) that the Lines 
ef, ik, mn, pq, &c. being to each other (4 EIL. 6.) as the Lines i 
Ae, Ai, Am, Ap, &c. will repreſent the Celerities in the Times 
repreſented by theſe : That is, F will be aß the Velocity of the 
Body in the ſmall Portion of Time ei, and it will be as the Ve- 
Jocity in the Portion of Time in; in like Manner pg will be a 
the Velocity in the Portion of Time po, which Portions of Time 
being taken infinitely ſmall, the Velocity of the Body may be 
ſuppos'd the ſame, during any whole Portion: And conſequently, 
by the Corollary of the foregoing Theorem, the Space run ove: 
in the Time # with the Velocity ½ may be repreſented by the 
Rectangle if: In like Manner the Space run over in the Time 
im, with the Celerity :4, may be expreſs'd by the Rectangle n+; ii 
and that run over with the Celerity n in the Time mp, by 
the Rectangle pn; and ſo of the reſt. Therefore the Space 
run over in all thoſe Times will be repreſented by the Sum of 
all the Rectangle, that is, by the Triangle ABC, for thoſe little 
triangular Deficiencies, at the End of each Rectangle, would 
have vaniſhed, had the Lines ez, im, mp, &c. been infinitely ſhort, i 
as the Times they were ſuppoſed to repreſent. Now as the 
Space, the Body deſcribes in the Time 4B, is repreſented by i 
the Triangle ABC, for the ſame Reaſon the Space paſs'd over 
in the Time 4% may he repreſented by the Triangle Hor; but 'F | 
theſe T'riangles, being fimilar, are to each other, as the Squares i 
of their homologous Sides 4B and 4 (20 El. 6.) : That is, the 
Spaces repreſented by the Triangles are to each other, as th* 
Squares of the Times repreſented by the Sides. Q. B. D) 
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Spaces in two Minutes, and nine in three, as 
the Propoſition aſſerts “. 

VI. Tux Spaces, deſcrib'd by falling Bodies 
in different Times, are as the Squares of the 
laſt acquir'd Velogities. For by F. 4. the 
Spaces are as the Squares of the Times, and by 
. z. the Velocities are as the Times; there- 
fore the Spaces are alſo as the Squares of the 
Velocities. 

== VII. THz Space a Body paſſes over, from 
che Beginning of its Fall in any determinate 
WT Time, is half what it would deſcribe in the 
ſame Time moving uniformly with its laſt ac- 
WE quir'd Velocity +. | 
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1 = VIII. In like Manner, when Bodies are 
= WF thrown up perpendicularly, their Velocities 
decreaſe, as the Times they aſcend in increaſe; 
ly, WW their Gravity deſtroying an equal Portion of 
ver 


WW their Velocity every Inſtant of their Aſcent. 


This may alſo be ſhewn in the following Manner. Let 
= thc Triangle ABC (Fig. 4.) be divided into leſſer ones, as in 
Fig. 5. each equal to Dbr, which repreſents the Space de- 
IF \{crib'd by the falling Body in Ds the firſt Portion of Time; 
tis evident that, in bc the ſecond Portion of Time, there are 
WE three ſuch Triangles deſcribed, wiz. thoſe that he between the 
Lines , and cs; in c the third Portion of Time, five ſuch, 
ix. all between c, and 4 ; in df the next equal Portion of 
Time, ſeven ſuch, c. 

+ For let the Time be 4B, (Fig. 4.) and the laſt Velocity 


but 3 E BC, the Space the Body runs over, while it is acquiring that 
= Velocity, is as ABC, but the Space it would paſs over in the 
555 Time 4B, was it to move uniformly with the Celerity BC, is 


by the Theorem (Note pag. 25.) as the Space ABCD, double 


the former. 2. E. D. IX. T 
A HE 
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IX. Tus Heights Bodies riſe to, when ; "= 
thrown perpendicularly upwards, are as the 
Squares of the Times ſpent from their firſt 
ſetting out, to the Moment they ceaſe to riſe, 
That is, if a Body is thrown with ſuch a De- 
oree of Velocity, as to continue riſing twice as 
long as another, it ſhall aſcend four Times as 
high; if thrice, nine Times as high, Cc. 
THESE two are the converſe of the third 


1 


and fourth Sections . | 3 


e 


Of the Deſcent of Bodies on oblique 
| Planes, and of Pendulums. 


HEN a Body deſcends on an oblique 
Plane, its Motion 1s continually acce- 
lerated by the Action of Gravity, but in a leſs 
Degree, than when it deſcends perpendicular- 
ly; its free Deſcent in this Cafe being hin- 
der'd by the Interpoſition of the Plane: From 
whence it follows, that what was ſaid in the 
laſt Chapter, concerning the perpendicular 
Deſcent of Bodies, is true of ſuch as fall on 
oblique Planes, Allowance being made for the 
Difference of Acceleration. 
II. Tres Effect Gravity has upon a Body 
falling down an oblique Flane, is to that which 
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* See Keil's Introd, ad Phyſ. Præl. 11. Gravhefh L. I. 
Chap. 17. | f 
It 


= Chap. VI. on oblique Planes. 29 
it exerts upon another falling freely, as the 
perpendicular Height of the Plane is to its 
Length “. | 
II. Tur Space, through which a Body 
falls down the oblique Side of a Plane, is to 
chat through which it would fall perpendicu- 
larly in the ſame Time, as the perpendicular 
Height of the Plane is to its Length . 

= Fox the Space, a Body falls through in any 
W determinate Time, whether down an inclined 
Plane, or not, is as the Effect of the Gravity 
vith which it is acted upon during that Time; 
but the Gravity, with which a Body deſcends 
W down. the oblique Side of a Plane (by the 
laſt Propoſition) is to that with which it falls 
W perpendicularly, as the perpendicular Height 
W of the Plane is to its Length: The Space there- 
W fore, which a Body falls through obliquely, is to 


| * Dem. Let AC (Fig. 6.) be the inclin'd Plane, the Body at 4, 
and the Action of Gravity, whereby it endeavours to fall per- 
= pendicularly repreſented by the Line AB ; let AD be perpen- 
dicular to AC, AD will then repreſent * Direction by which the 
plane acts upon the Body (for all Bodies act in Lines perpen- 
= dicular to their Surfaces) let then thoſe two Forces be reſolved 
to one in the Pirection AC, (as ſhewn in Note to 5. 4. Chap. 
IV.) by compleating the Parallelogram BD, whoſe Diagonal 
vill be 4G. In order to this BG muſt be let fall perpendicu- 
8 /arly upon AC (that it may be parallel to the oppoſite Sidel of 
de Parellelogram 4D) conſequently (8 Elem. 6.) AG is to AB 
8 AB to AC, that is, the Tendency of the Body down the Plane 
is to its perpendicular Tendency, as AB is to AC. Q E. D. 

From this Propoſition it follows, that ſuppoſing BG (Fig. 6.) 
perpendicular to AC, the Body would fall from 4 to G, in the 
-4 ſame Time another would fall from thence to B, for, as was 
observed (Note the laſt) 40 is to AB, as AB to AC. 


that 
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that which it would paſs through perpendicular- 
ly in the ſame Time, alſo in that Proportion. 
IV. Tux Velocity, a Body acquires by fall- 
ing perpendicularly, is to that which it ac- 
quires by falling obliquely in the ſame Time, 
as the Space of its perpendicular Deſcent is to 
that of its oblique one “. | = 
V. Taz Time, in which a Body deſcends 
through the oblique Side of a Plane, is to that 
in which it falls through the perpendicular 
Height of the ſame, as the Length of the ob- 
lique Side is to its Height . | 
VI. A Bopy acquires the ſame Velocity in 
falling down the oblique Side of a Plane, as 


Since by the Note to Section the laſt, a Body falls to G, 
(Fig. 6.) in the ſame Time another falls to B, and (by Chap. V. 
$. 7.) the Space, a falling Body paſſes over in any Time, is half 
that whichit would run over in the ſame Time moving uniformly 
with its laſt acquir'd Velocity, it follows that the Body falling 
down the oblique Plane would paſs over double the Space 4G, 
moving uniformly with its laſt acquir'd Velocity, in a Portion of 
Time equal to that in which it was acquir'd ; likewiſe double 
the Space AB would be paſſed over by the other Body moving 
uniformly with its laſt acquir'd Velocity, in a Portion of Time 
7 to that in which it was acquir'd; but ſince the Velocities 
of Bodies moving uniformly are as the Spaces they run over in 
equal Times, the Velocity of the Bodies in & and B are to each 
other as double the Lines AG and 4B, that is, as the Lines 
themſelves, which by F. 3. are as the Spaces run through in 
the ſame Time, from whence the Propoſition is clear. 3} 

+ Dem. The Square of the Time in which 40 (Zig. 6.) is run 
over, is to the Square of the Time in which 4G is run over a3 
AC to AG, (by Chap. V. f 4.) that is, fince AC, AB, AG are 
continually proportional (8 Elem. 6.) as the Square of AC to the 
Square of 4B (by Def. 10 Elem. 5.) therefore the Times them 
ſelves are as the Lines 40 and AB, that is, as the oblique Side 
of the Plane to the perpendicular Height, Q. E. D. = 

| it 


8 


( 
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it would do, if it fell freely through the per- 

pendicular Height of it“. i 

== VII. A Body takes up the ſame Time in 
falling through the Chord of a Circle, whether 
it be long or ſhort, as it does in falling per- 
pendicularly through the Diameter of the fame 
Circle F. 1 8 god! 
VIII. Ur on this is founded the Theory of 
Pendulums : For from hence it follows, that 
ſuppoſing a Pendulum could be made to vibrate 
in a Chord of a Circle, inſtead of an Arch, all 
its Vibrations would require the ſame Time; 
whether they were large or ſmall |. 


IX. Fro M bence we fee the Reaſon, why 


as , 
the ſhorter Arches a Pendulum deſcribes, the 
6 * Dem. The Square of the Velocity which a Body acquires by 


falling to G, is to the Square of the Velocity it acquires by fall- 


alf ing to C, as the Space 46 to the Space 4C (by Chap. V. $. 
aly 4.) that is (by 8 Elem. 6. and Def. 10. Elem. 5.) as 40 to 
ing 439; conſequently the Velocity itſelf at G is to the Velocity 
= | itſelf at C, as AG to AB - But ſince AG is run over in the ſame 


Time AB is (fee Note to $. 3.) the Velocity in G is alſo to the 


ble Velocity in B, as AG to AB, (by F. 4.) and conſequently ſince 
ing the Velocities both in C and B bear the ſame Proportion to 
me that in G, they muſt be equal to each other. ©. E.D. 

us + Dem. It was demonſtrated (S. 3.) that a Body will fall 
r 8 from 4 to G, (Fig. 7.) on the inclin'd Plane AC, in the 
acl a fame Time another would fall freely to B, provided 4GB is a 
ine; i right Angle, in which Caſe 4G (by 31 Elern. z.) is a Chord of 
n in chat Circle of which AB is the Diameter; therefore a Body falls 

8 through the Chord, Cc. Q. E. D. 

wy { This may be illuſtrated by conceiving the laſt Figure in- 
* verted (as in Fig. 8.) where ſeppoſing the Ball ſuſpended in 


ſuch a Manner, as to ſwing in the right Line GA inftead of 
the Arch GA, it would always fall through it in the ſame 
Time, however long or ſhort it was, for the Inclination of the 


Line 64 to the horizontal Line BC, is not alter'd by invert- 
ing the Figure, 
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32 Pendluluims. Part J. 
nearer its Vibrations come to an Equality, for 
ſmall Arches differ leſs from their Chords than 
large ones. But if the Pendulum is made to 
vibrate in a Curve, which Mathematicians call 
a Cyclord; each Swing will then be perform'd 
in the ſame Time, whether the Pendulum 
moves through a larger or leſſer Space. For 
the Nature of this Curve is ſuch, that the Ten- 
dency of a Pendulum towards the loweſt Point 
of it, 15 always in Proportion to its Diſtance 
from thence; and conſequently let that Diſtance 
be more or leſs, it will always be run over by 

the Pendulum in the ſame Time *. | 
X. Tur Time of the Deſcent and Aſcent 
of a Pendulum; ſuppoſing it to vibrate in the 
Chord of a Circle, is equal to the Time in 


The Deſcription of a Cycloid. 


Upon the right Line AB, (Fig. 9.) let the Circle CDE be 
ſo placed, as to touch the Line in the Point C, then let this 
Circle roll along upon it from C to H, 2s a Wheel upon the 
Ground, then will the Point C in one Revolution of the Circle 
deſcribe the Curve CKH, which is called a Cycloid. Now 
ſuppoſe two Plates of Metal bent into the Form HX and XC, 
and placed in the Situation LH and LC, in ſuch Manner, that 
the Points H and C may be apply'd to L, and the Points an- 
ſwering to K be apply'd to H and C. This done, if a Pendu- 
lum as LP, in Length equal to LH, be made to vibrate be- 
tween the Plates or Cheeks of the Cylcoid LC and LH, it will 
ſwing in the Line CXH; and the Time of each Vibration, whe- 

ther the Pendulum ſwings through a ſmall or a great Part of 

the Clycloid, will be to the Time a Body takes up in falling 

perpendicularly through a Space equal to IK, (half the Length 

of the Pendulum) as the Gircumference of a Circle to its Di- 

ameter, and conſequently it will always be the ſame. See 
theſe Things demonſtrated in the Appendix. , 

| which 
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Chap. VI Pendulum. 33 
which a Body falling freely would deſcend 
through eight Times the Length of the Pen- 
dulum. | 

FoR the Time of the Deſcent alone upon 
the Chord 1s equal to that in which a Body 
would fall through the Diameter of the Cir- 
cle (by $.7.) ; that is, twice the Length of 
the Pendulum: But in twice that Time (v/z. 
during a whole Vibration) the Body would 
fall four Times as far (Chap. V. F. 4.) that is, 
through eight Times the Length of the Pen- 
dulum. 

XI. Tur Times, that Pendulums of diffe- 
rent Lengths perform their Vibrations in, are 
as the ſquate Roots of their Lengths “. 

XII. Tux Center of Oſcillation, is a Point in 
which if the whole Gravity of a Pendulum 
was collected, the Time of its Vibration would 
not be alter d thereby + ; this is the Point from 

| | whence 


Dem. Let there be two Pendulums A and B (Fig. 10. and 
11.) of different Lengths, the Time the firſt vibrates in (ſuppoſe 
through a Chord) is equal to the Time in which a Body 
would fall freely through DA, the Diameter of the Circle (as 
demonſtrated F. 7.) ; in like Manner the Time B vibrates in is 
that in which a Body would fall'through FB. Now the Times 
in which Bodies fall through different Spaces are as the ſquare 
Roots of thoſe Spaces, that is, of DA and FB, or of their 


Halves CA and CB, i. e. of the Lengths of the Pendulums. 
Q E. D. 


f The Rule for finding the Center of Ofcillation. 


If the Ball AB (Fig. 12.) be hung by the String CD, whoſe 
Weight is inconſiderable, the Center of Oſcillation is found thus; 


oT. I. C ſuppoſe 


34 Pendulums. Part J. 
whence the Length of a Pendulum is mea- 
ſured, which in our Latitude, in a Pendulum 
that ſwings Seconds, is thirty- nine Inches and 
two Tenths. b 1 
XIII. Tur Squares of the Times in which 
Pendulums, acted upon by different Degrees 


of Gravity, perform their Vibrations in, are 


to each other, inverſly as the Gravities “. 
FROM hence it follows, that a Pendulum 

will vibrate flower when nearer the Equator, 

than the ſame when nearer the Poles ; for 


the 


ſuppoſe E the Center of the Globe, take the Line X of ſuch a 
Length, that it ſhall bear the ſame Proportion to ED as ED 
to EC, then EH being made equal to 5 of XK, the Point H ſhall 
be the Center of Oſcillation. d 7 4 
If the Weight of the Rod CD be too conſiderable to be ne- 
glected, divide CD (Fig. 13.) in J, ſo that DI may be equal to 
1 of CD, and make a Line as G, in the ſame Proportion to CT, 
that the Weight of the Rod bears to that of the Globe, then 
having found H the Center of Ofcillation of the Globe, as be- 
fore, divide II in L, ſo that IL may bear the ſame Proportion 
to LH, as the Line CH bears to the Line G; then will L be 
the Center of Oſcillation of the whole Pendulum. See the Me- 
thod of tnding a general Rule for determining the Center of 
Oſcillation in all Caſes whatever, in the Appendix. 


Dem. The Spaces falling Bodies deſcend through, are as 
the Squares of the Times, when the Gravity by which they 
are impeil'd is given (Chap. V. F. 4.) ; and as the Gravity 
when the Time is given (for the Sum of the Velocities produced 
in any Time will always be as the generating Forces :) Conſe- 
quentiy, when neither is given, they are in a Ratio compound- 
ed of both; the Squares of the Times are therefore inverſly as 
the Gravities. [For if in 3 Quantities a, b, c; a isas b c, 


3 I : 
then b i. e. a is given, ang or as C inverſly.) But if 
the 
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the Gravity of all Bodies is leſs, the nearer 
they are to the Equator ; viz. on Account of 
the ſpheroidical Figure of the Earth, and its 
Rotation about its Axis, as will be explained 
hereafter. To which we may add the Increaſe 
of the Length of the Pendulum occaſioned by 
the Heat in thoſe Parts; (for we find by Ex- 


periment, that Bodies are inlarged in every 


Dimenſion in Proportion to the Degree of 
Heat that is given them;) for which Reaſon 


(F. 11.) the Vibrations of the Pendulum will 
alſo be flower. 


GH AP. VII. 
Of Proectiles. 


rallel or oblique to the Horizon, would 
proceed on in infinitum in a right Line (by 
the firſt Law of Nature ;) but being continually 
accelerated toward the Earth by its Gravity, it 


will deſcribe a Curve called a Parabs!a *. 


the Squares the Times, in which Bodies fall through given 
Spaces, are inverſly as the Gravities by which they are acted 
upon; then the Squares of the Times, in which Pendulums of 


equal Lengths perform their Vibrations, will be alſo in the 


ſame Ratio, on Account of the conſtant Equality between the 
Time of the Vibration of a Pendulum, and of the Deſcent 
of a Body through eight Times its Length (5. 12.) 

* Dem. Let us ſuppoſe the Body thrown from 4 in the 
Direction AD horizontally (Fig. 14.) or obliquely (Fig. 15.) it 
would {if not attracted towards rhe Earth) move uniformly 

| C2 from 


BODY, projected in a Direction pa- 


- 


* 


1 
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from A towards B, that is, in equal Times it would deſcribe Mm 
equal Parts of the Line 4B, as 4C, CD, DE, &c. bat, if in 
the firſt Portion of Time, while it would move from 4 to Mi 
C, it would have deſcended from A to G by its Gravity, had it 
only been let drop from thence ; it will by a Compoſition i 
of theſe two Motions (Chap. IV. F. 2.) at the End of that 
Time be found in H, the oppoſite Angle of the Parallelo- 
ram ACGH. Then in twice that Time, viz. while it would 
— moved over two equal Portions, or from 4 to D, it 
would fall downwards to M, four Times as far as before (Chap. I 
V. F. 4.) and will therefore be found in J, ſuppoſing D7 li 
equal ard parallel to AM. Then agree in three Portions f 
Time, or while it would have moved over three Diviſions, 
that is from 4to F, it would have fallen downwards nine 
Times as far as in the firſt Portion of Time, and therefore be- 
ing carried by theſe two Motions will at the End of that 
Time be found in K, ſuppoſing EK, or its equal AN, nine i 
Times as long as 4G or CH, &c. Therefore the Lines CH, | 
DI, EK, &c. which are to each other as the Numbers 1, 4, 9, Wali 
4c. are as the Squares of the Lines AC, AD, AE; (theſe 
being only as the Numbers 1, 2, 3.) But this is the Pro- 2 
perty of the Parabolic Curve. (See De L'Haſpital, B. I. Prop.1, J 
Corol. 2. and Prop. 3. Corol. 1.) Conſequently the Curve 
AHIK, &c. which the Body moves in, whether thrown hori- 
zontally or obliquely, is a Parabola. 9. E. D. AB 
Lemma 1. The Quotient which ariſes from the Divifion of 
the Square of the Line AC by the Line 46, wiz. the Quantity 
AC 
77720 (in either of the Parabolic Curves, Fig. 14, or 15.) or 


AD 
the Square of the Line AD divided by AM. vix. not þ or 
AFg AM 


the Square of AE divided by AN, wiz. In" is equal to the 


Parameter of the Point A, for Ge is equal to AG multiplied 
dy the Parameter (De L'Heſpital Con. Sect. I. Prop. 1 & z.) 
Uerefore the Parameter is equal to GHz divided by 46, that is, 


270 - The ſame is demonſtrable of 4D divided by AM, &c. 


ard l any of theſe Quantities may be indifferently 
Put to expreſs the Parameter of the ſame Point. 

Lemma 2. Ihe Velocity a Body would acquire by falling 
from an Height equal to the fourth Part of the Parameter o 
the Point 4, is to the Velocity it would acquire by falling 
from 4 to NM, as AE is to twice AN, Dem. 
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Dem. Since we are dag the Velocity, which a Body 


would acquire by falling through a fourth Part of the * 
ter, with that which it would require by falling 2 let 7 


be made choice of to denote the Parameter. Then will ex- 


reſs a fourth Part of the parameter. Now becauſe the Ve- 
. acquir'd by falling Bodies, are as the ſquare Roots of 
the Spaces they fall through (Chap. V. F. 6.) the Velocity, ac- 


quir'd by a Body in deſcending through. I, is to that Velo- 
city, which it would acquire by falling through AN, as the 


AE 
ſquare Root of te the ſquare Root of AN; that is, ex- 


1AE 
tracting the Roots of thoſe Quantities, as = In to v AN, 


and, multiplying each Term by V AN, as AE to AN, or as 
AE to twice AN. Q. E. D. 

Prop. The Velocity a Body ought to be projected with, to 
make it deſcribe a given Parabola, is ſuch as it would acquire 
by falling through a Space equal to the fourth Part of the 
Parameter belonging to that Point of the Parabola, from whence 
it is intended to de projected. | 

Dem. The Velocity with which a Body muſt be projected 
from A towards B, to make it deſcribe the given Parabola 
AHIK, muſt be ſuch, as would carry it to C by an uniform 
Motion, in the fame Time that it would deſcend by its Gra- 
vity from A to G; and to E, in the Time it would fall to 
N, &c. as was before obſerved. Now the Velocity, with which 
the Line AE is deſcribed with an uniform Motion, is to that 
which 1s acquired by the Body in falling to N in the ſame 
Time, as AE is to twice AN; becauſe (Chap. V. f 7.) its Velo- 
city in N would have carried it over twice AN in that Time, 
had it alſo been uniform. But by Lemma 2. the Velocity a 
Body would acquire, by falling through a Space equal to a fourth 
Part of the Parameter of the Point 4, is to that which it 


would acquire by falling from A to N, alſo as AE to twice 


AN. Since therefore the Velocity, with which the Line AE 
Is deſcribed (or, which is the ſame Thing, that whereby the 
Body is projected) and that which a Body would acquire by 
falling through a fourth Part of the Parameter of the Point 
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A, bear one and the ſame Proportion to that Velocity which 
a Body would acquire by falling from A to N, they muſt be 
equal. 2 E. D. | 

Ceroll. This affords us an eaſy Method of finding what DI. 
rection it is neceſſary to throw a Ball in with a given Ve- 
locity, in order to ſtrike an Object in a given Situation, v. g. 
Let it be required to ſtrike an Object as X, with a Ball thrown Wl 
from A with a given Velocity. Here it is only neceſſary to Wn 
make the Triangle 7 5 (ſuppoſe a right Line hes” 10 +4 
A to K) ſuch, that I. or which is the ſame Thing, Fx in 


the Triangle AEK, may be equal to four Times the Space a 
Body muſt fall through, to =p ſach a Degree of Velocity az 
that with which it is intended to be thrown, and then AE will | 
be the DireQion ſought. In order to this we muſt lay down 
the following Lemma. 

Lemma. Let there be a Circle as ABC (Fig. 16.) AK a Tangent 
in the Point 4, AB and KI parallel to each other, and let 


| AE 
the other Lines be drawn, as in the Figure, I ſay 772 = AB. 


For the Angle ABE is equal to the 4 EAK (32 Eln. z.) 
and the Angle BAE is equal to the Angle AEK as alternate, 
therefore the Triangles ABE and AEK are ſimilar; conſe- 
quently 4B is to AE, as AF to EK, and multiplying the 
extreme Terms together, and middle Terms together, AB „ 
EK = AEq, and dividing both Sides of the Equation by EX, 


A= QE. D. By the ſame Method of arguing 


77 may be proves equal to AB. 


The PROBLEM. 


Let it be requir'd to ſtrike an Object in a given Situation as K 
(Fig. 17.) with a Ball projected from A with a given Velocity. 
Solution, Erect AB perpendicular to the Horizon, and 
equal to four Times the Height a Body muſt fall from, to ac- 
quire the Velocity with which the Ball is to he thrown ; bif- 
ſect this in the Point &, through which draw HC perpendi- 
cular to B, and meeting the Line 4C (perpendicular to 
AK) in C. On Cas a Center with the Radius CA, deſcribe 
the Circle 45D; laftly, through K draw the Line XI per 
1 by 8 | „ pendicular 
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II. Tax greateſt horizontal Diſtance, to 
which a Body can be thrown with a given Ve- 
locity, is at the Elevation of 45 Degrees *. 

III. Ir two Balls are thrown at different 
Elevations (but with equal Degrees of Velo- 
city) the one as much above forty-five De- 
grees as the other below, the horizontal Diſ- 
tances (or Randoms) where they both fall, 
will be the ſame . 


IV. Tux 


pendicular to the Horizon, cutting the Circle in the Points E 
and J; I fay AE or AI will be the Direction ſought. 


AEq 


Al 
For by the Lemma, AFN rx but (ex conſiructio- 


ne) AB is equal to four Times the Height a Body muſt fall 
from, to acquire the Velocity with which it is to be thrown, 
\ AE ' "FFP! : 

therefore its Equal, 7 Te” is the ſame, which by the Co- 


rollary was the Thing requir'd to determine the Direction ſought; 
conſequently the Parabola, which the Body will deſcribe, will 
paſs through the Point K. Q. E. D. 
Coroll. 1. From hence it is evident, that, if the Object to 
be ſtruck be placed any where in the horizontal Line 40 
(Fig. 18.) beyond 2, the Problem is impoſlible ; for then 2 


will not touch the Circle, and the Ball will not reach that Point 
with any Direction whatever. 


* And that when the Ball is directed towards H, it will 
fall on 2 the greateſt Diſtance it can poſſibly be thrown to; 
but the Angle 2 A H being equal to ABN in the oppoſite 
Segment (32 Elem, 3.) is equal to half 4GH at the Center 
(20 Elm. 3.) which is a right one; conſequently QA is an 
Angle of 45 Degrees. | | 


+ Coroll. 2. If the Object is ſituated in the horizontal Line 
AO (Fig. 19.) but nearer to A, than the greateſt horizontal 
Diſtance at which it may be ſtruck, ſuppoſe in K; the two 
Directions AE and AI, with which it may be hit, are equally 


C 4 diſtang 
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IV. Tur Height a Body will riſe to, when 
thrown perpendicularly upwards, is equal to 
half the greateſt horizontal Diſtance 1t can be 
thrown to, with the ſame Velocity “. 

From hence we may eaſily know how far 
a Mortar-Piece, or other ſuch Machine will 
carry a Ball. Let the Ball be ſhot perpendi- 
cularly upwards, note the Time of its Aſcent 
and Deſcent, half that is the Time of Deſcent, 
from whence we learn the Height from which 
it falls (for Bodies are obſerved to fall in the 
firſt Second of Time ſixteen Feet) conſequent- 
ly in two Seconds they fall four Times ſixteen 
Feet (Chap. V. F. 4.) in three, nine Times as 
much, &c. but the perpendicular Height fro 
whence it falls is the ſame with that to whic 
it aſcended, conſequently (F. 4.) the double of 
this is equal to the greateſt horizontal Diſtance 
to which that Machine will carry the Ball with 
an equal Charge. 


diſtant from the Direction 4#; for the Angles LAT and 


Ak axe equal, as inſiſting on equal Arches ZH and HE, 
(28 Elem. z.) | 


Coroll. 3. The Altitude of a perpendicular Projection is 
equal to a fourth Part of the Height 4B; for the Velocity, 
with which the Body is projected, is (ex hypoth.) ſuch as it 
would acquire by falling through a fourth Part of the Line AB; 
but a fourth Part of the Line 4B is equal to half the Line 
H. or 49 (Fig. 18.) that is, half the greateſt horizontal i 
Piſtance to which the Body can be thrown. 

See Cotes's Harmonia Menſurarpm, p. 87. KeiPs IntroduRt. 
ad Pbyſ. Præl. 16. 5 
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Chap. VII. Praejectiles. 41 
= V, Txt Randoms of two Projectiles, hav- 
WS og the ſame Degrees of Elevation, but thrown 
With different Velocities, are as the Squares of 
ne Vclocities : For by the laſt, the Randoms 
Ware equal to double the Heights to which the 
 EEBocics thrown perpendicularly upwards will 
Wicend, but the Heights are (Chap. V. F. 6.) 
Das the Squares of the Velocities, therefore the 
Randoms are ſo too. * 
= VI, SuUpPosINnG the Motion of the Earth, 
all Bodies, when thrawn perpendicularly up- 
WE wards, deſcribe Parabala's; notwithſtanding 
chey appear both to aſcend and deſcend in the 
ſame right Line. | 
= THis may very eaſily be illuſtrated in the 
following Manner; let there be a Body car- 
Fried ili along the Line AB (Fig. 20.) 
by the Motion of the Earth from A towards 
WB; as it paſſes the Point C, let it be projected 
= upwards, by ſome Force acting underneath it 
in the Direction CO perpendicular to the for- 
mer: The Body will not thereby loſe its Mo- 
tion, which it had in common with the Earth, 
We towards B (by the firſt Law of Nature) but 
will be carried by two Motions, one towards 
B. the other towards Q; let us then ſuppoſe, 
that in the Time it would have advanced for- 
WE wards to P in the Line AB, it riſes upwards to 
4 M in the Line CQ; it will then be found 
ip (Chap. IV. F. 2.) In like Manner, ſup- 
poſing it would have advanced forward oQ_ 
© | while 
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while it riſes to N, it would then be found in 


the Curve CGL, which (from what was de- 


as C at Reſt; but in that Caſe it would have deſcribed a Pa- 


42 Projectiles. Part I. 
E, afterwards in F, then in G, Ce. deſcribing 1 


monſtrated under \. 1.) is a Parabola “. # 

Tur Reaſon, why it appears to a Spectatot Wl 
to riſe and fall perpendicularly, is becauſe he is 
carried uniformly along with it by the Motion 
of the Earth in the Direction AB; v. g. Sup- Wl 
poſe the Spectator at C at the Inſtant the Body 
is thrown from thence, when it arrives at D, he 
will be moved to P, when the Body is at E he 
will be at Q. Cc. as is evident from what wa 
obſerved about the Motion of the Body in the 
Curve; and they will both meet in L. There- 
fore fince the Spectator imagines himſelf ſtand- 
ing ſtill, and ſees the Body always perpendicu- 
larly over his Head, he muſt of Courſe think, 
that it riſes right up, and falls right down, 


IT may be proper to obſerve here, that Ex- 
periments, relating to the Motion of projected 
Bodies, do not exactly anſwer the Theoty, 
the Reſiſtance of the Air deſtroying Part of 
their Motion; for which a ſmall Allowance ih 
to be made, | Y 
' * Dem. Suppoſe the Motion the Body had in common with A 
the Earth towards B (Fig. 21.) and that with which it h 
projected towards O, ſuch, as being compounded (Chap. IV. 5.2 
would have produced a Motion in the Direction CA; it will 


follow from thence, that the Path deſcribed by it will be the 1 E 
ſame, as if it had been thrown in that Direction from a Point 


xabola as CGL ($- 1.) therefore al ſo in this. 9, E. D. 4 


a 


4 ** 
3 
** « 
"WE 
** 
1 
1 5 
| 
E 
— 
P 
= 
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f CH A P. VIII. 
/ Centripetal and Centrifugal Forces. 


p L 7 HEN a Body is projected in an ho- 
on rizontal Direction, and by its Gravity 


made to deſcribe a Parabola, as demonſtrated 
| a [Chapter the laſt; the Curvature of that Para- 
he Ebola will vary in Proportion to the Velocity 
he vith which the Body is thrown, and the Gra- 
x vity which impels it towards the Earth. For 
he the leſs its Gravity is in Proportion to the 
re. Quantity of Matter it contains, or the greater 
the Velocity is with which it is projected; the 
cſs it will deviate from a ſtraight Line, and 
the further it will go, before it falls to the 
Earth. For Inſtance, if a Bullet be ſhot out 
of a Cannon from the Top of a Mountain 


7x. vith a given Velocity in an horizontal Direc- 
ted tion, and goes in a Curve Line, ſuppoſe to 


ry, the Diſtance of two Miles from the Foot of the 
of WE Mountain before it falls to the Ground; 
e i; WT the fame Bullet, ſhot with a much greater Ve- 
locity, would fly to a much greater Diſtance 
before its Fall. And by increaſing the Velo- 


on q city, the Diſtance & which it is projected may 
9 be increaſed as much as you pleaſe; fo that 
„ade it will not fall to the Ground, till it is arrived 
point at the Diſtance of ten, or thirty, or ninety 


rei egrees; or till it has even ſurrounded the 


f whole 


*T. - * 
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whole Earth, and arrives at the very Top «| 
the Mountain from whence it was projected: 

In this Caſe it will perform a ſecond Revoly. | 4 
tion, and fo on ix inſinitum, without a new | 
Projection, provided the Reſiſtance of the Air 
is taken away. And were the Sphere of the 
Earth's Attraction a limited one, it might be | q 


projected with ſuch Violence, that it would 


continually recede from the Earth in a Curve, q 1 
till at length it would go out of that Spheres 
after which it would go on in a ſtraight Line 
without ever returning. Which may thus be 
illuſtrated. 1 
Lr ABC (Fig. 22.) repreſent the Earth, 
M the Top of the Mountain from whence | 
the Body is projected in the Direction MQ: 
It may be thrown with ſuch Force as to carry i 
it to B before it falls, or to C, or even to go 
round to M, deſcribing the Circle MDM; 
or laſtly, it may be made to deſcribe the Curve 
MO, by which Means, if it gets out of the I 
Sphere of the Earth's Attraction, ſuppoſe at O, 3 
it will go on afterwards in the infinite ſtraigbt Wl 
Line OX, there being nothing to ſtop or alter 


its Courſe. Farther it may be projected with | 1 
fuch a Force from M (Fig. 23.) as will cauſe it 4 3 
continually to recede from the Earth, till it ar- 4 1 
rives at the oppoſite Point G, deſcribing the 
Curve MKG ; and if the Point G is within the BY 
Sphere of the Earth's Attraction, the Body will 
return to M, deſcribing the Curve GLM ow F 

. act 
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1 actly ſimilar to MKG; and in moving nearer 
1 and nearer to the Earth, till it comes to M, will 

WT regain what Velocity it loſt in going from M 
to G, its Gravity conſpiring with its Motion 
tom G to M in the ſame Degree in which it 
oppoſed it from M to G; confequently the 
Body when at M, having recovered the Velo- 


„city with which it ſet out, will be enabled to 
ld perform a ſecond Revolution in the ſame Curve 
eas before; and ſo on. 


= Acain, ſuppoſe it had been projected from 
me Point M, with a leſs Degree of Force than 
would have carried it round in the Circle 
MDM (Fig. 22.) but greater than would have 
ſuffered it to have fallen to the Earth at the 
oppoſite Point F (Fig. 23.) it would alſo in 
his Caſe have arrived at the Point of M, from 
v bence it ſet out; for the Exceſs of Velocity 
it would have gained in F, by its Tendency 
towards the Earth in its Way thither, over and 
above that, with which it was projected from 
EM, would be ſufficient to carry it off again 
from the Earth, till it arrived at M; and to 
I make it deſcribe the Path FPM exactly ſimi- 
tet lar and equal to the former, loſing in its Way 
from F to M juſt ſo much Velocity, as it gain- 
ed by paſſing from M to F; and thereby it 
would be enabled to perform an infinite Num- 
ber of Revolutions in the ſame Curve, with- 
out requiring a ſecond Projection. 


FRO 
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FROM whence it follows, that ſuppoſing a 


Body projected from a Point at any Diſtance 0 
within the Sphere of the Earth's Attraction, 


with a Force ſufficient to carry it half round 


without falling to the Surface, it is impoſſible 1 
it ſhould fall upon any Part of the other half; 


but will return to the Point from whence it 
ſet out, making continual ſucceſſive Revolu- 
tions in the ſame Curve; provided it meets 
with no Reſiſtance from the Medium through 
which it paſſes, nor any other Obſtacle to ob- 
ſtruct its Motion *. 5 


FROM hence allo it is clear, that, the nearet 
the revolving Body approaches to the Earth, Wl 
the faſter it moves: Its Velocity being conti- 
nually increaſed during the Time of its Acceſ 


towards the Earth, and as much retarded du- 


ring its Receſs from it. And this Accelera- 


fion and Retardation will always be ſuch, that 
the Body will deſcribe equal Areas in equal 


Times: The Meaning of which is, that if we 
imagine a Line conſtantly extended from the 
Center of the Earth to the Center of the 
Body, that Line will always deſcribe or pals 
through equal Surfaces or Spaces in equal 


„Gravity is here ſuppoſed to be inverſly as the Squares of 
the Diſtance from the Earth, for *tis poſſible that the Force, 
by which a Body tends towards another, may vary in fuch % 
Manner at different Diitances, that the projected Body ſha! 1 
deſcribe a ſpiral Line, continually approaching to, or receding 9 


from, that about which it revolves. 
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imes, for it conſtantly becomes ſhorter the 
aſter it moves, and vice verſa *. . 

Ap for the ſame Reaſun that a Body, pro- 
Wccted with a ſufficient Velocity, may by the 
Force of Gravity be made to deſcribe a Curve 
Pound the Earth, and perform continual ſuc- 
Wecſlive Revolutions therein; it follows, that 
ne Moon may by the fame Force of Gravi- 


Den. Let the Time in which the Body performs one Re- 
olution be divided into equal Parts, in the firſt of which ler 
e Body deſcribe the right Line 4B (Fig. 24.) in the ſecond 
SP art of Time, if not prevented, it would go ſtraight on to c, 
eſcribing the Line Be equal to AB by the firſt Law of Na- 
ere; the Lines S4, SB, 6c being drawn, the Triangles SBA, 
c, will be equal to each other, their Baſes 4B and Bc be- 
png equal, and their Heights & the ſame (38 Elem. 1.) When 
ie Body arrives at B, let the centripetal Force by one ſingle 
Wgmpulſe turn it out of the ſtraight Line Be into the Line BC; 
gn which let it move on uniformly without receiving a ſecond 
I nmpulſe till it comes to C. Let Ce be drawn parallel to SB, 
oeeting BC in C; then at the End of the ſecond Part of Time, 
be Body will be found in C, having deſcribed the Diagonal 
f the Parallelogram Ne, (Chap. IV. F. 2.) Draw SC, and the 
ual riangle SC will be equal to the Triangle Sch, (each hav- 
Meg the ſame Baſe SB and being between the ſame Parallels 
and SB) and therefore alſo equal to the Triangle SBA. 
© For the ſame Reaſon, if the centripetal Force acts in the Points 
. D, E, ſucceſſively, ſo as to make the Body deſcribe the 
aight Lines CD, DE, EF, &c. in fo many equal Parts of 
ime, the Triangles SCD, SDE, SEF, &c. will be all equal 
one another and to the Triangle SAB. Conſequently equal 
eas are deſcribed in equal Times. Let us then ſuppoſe the 
ics of thoſe Triangles, wiz. 4B, BC, CD, DE, &c. di- 


orce, iniſhed z 2nfnitur, and likewiſe the Times in which they 
ach a © deſcribed ; then will the Perimeter 4, B, C, D, E, F, 

hall c. become a Curve, and any Number of thoſe "Triangles taken 
ecing ogether (or their Areas) will be proportionable to the Times 


i Which they are deſcribed, Q. E. D. g 
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ty be made to revolve about the Earth, or any if 
other Planet, by the like Force, about the] 
Sun; if the Velocities with which they move 4 
are duly adjuſted to the Forces by which h 
are acted upon. 

Wurd a Body revolves about another inf 
this Manner, that Force or Power by which i 
is prevented from flying off (as it otherwiill 
would do in a Tangent to the Curve which it 
deſcribes) is call'd the Centripetal; the Coun-f 
ter- action of this, by which it endeavours to 
fly off, the Centrifugal; theſe, by the hire 
Law of Nature, being equal to each other 
are called by one common Name, Centril 
Forces; that with which the Body is at fir 
projected, or continues its Motion from ani 
Point, is the Projectile Force; and the Time A 
in which it performs one Revolution, the Pe. 
riodical Time. | 

Tus Forces, properly relating to the Mol 
tions of the Heavenly Bodies, will be mort 
largely treated of in the fourth Part of bay 
Treatiſe. 1 


CHAP. IK, 
Of the Communication of Motion. 
J. 3 E FOR E we proceed to explain i 


Laws, by which Bodies communica 
their Motion from one to another, it is Ve} 
6 neceſi 


| a © 
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neceſſary to make a Diſtinction between Motion 
and Velocity ; which ought to be well obſerv'd, 
and is as follows; 
By the Motion of a Body (ſometimes called 
its Quantity of Motion, ſometimes its Momen- 
tum) is not to be underſtood the Velocity only, 
with which the Body moves ; but the Sum of 
the Motion of all its Parts taken together : 
Conſequently the more Matter any Body con- 
tains, the greater will be its Motion, though 
its Velocity remains the ſame. Thus, ſuppoſing 
two Bodies, one containing ten Times theQuan- 
tity of Matter the other does, moving with 
equal Velocity ; the greater Body is ſaid to 
have ten Times the Motion, or Momentum, 
that the other has: For 'tis evident, that a 
tenth Part of the larger has as much, as the 
other whole Body. In ſhort, that Quality in 


3 | moving Bodies, which Philoſophers underſtand 


by the Term Momentum or Motion, is no 
other than what is vulgarly called their Force, 


which every one knows to depend on their 


Quantity of Matter, as well as their Velocity. 
This is that Power, a moving Body has to affect 
another in all Actions that arife from its Mo- 
tion, and is therefore a fundamental Principle 
in Mechanics. 

II. Now, ſince this Momentum, or Force, 
depends equally on the Quantity of Matter a 
Body contains, and on the Velocity with which 
it moves; the Method, to determine how 
Vo I. I D great 
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great it is, is to multiply one by the other. 
Thus, ſuppoſe two Bodies, the firſt having 
twice the Quantity of Matter, and thrice 
the Velocity, which the other has; any two 
Numbers, that are to each other as two to one, 
will expreſs their Quantities of Matter (it be- 
ing only their relative Velocities and Quanti- 
ties of Matter which we need conſider) and 
any two Numbers that are as three to one 


their Velocities; now multiplying the Quan- ' i 


tity of Matter in the firſt, viz. two by its Ve- 
locity three, the Product is fix ; and multi- 
plying the Quantity of Matter in the ſecond 
by its Velocity, v2. one by one, the Product 
is one; their relative Forces therefore or Pow- 
ers will be as {ix to one, or the Moment of one 
is fix Times greater than that of the other. 
Again, if their Quantities of Matter had been 
25 three to eight, and their Velocities as two to 
three, then would their Moments have been as 
ſix to twenty-four, that is, as one to four. 

THIS being rightly apprehended, what fol- 
lowe, concerning the Laws of the Communi— 
cation of Motion by Impulſe, and the mecha- 
nical Powers, will be eaſily underſtood. 


The Communication of Motion. 
I. In Bodies not Elaſtic. 


III. Trosr Bodies are faid to be not EA 
tic, which, when the Krike :2410ft One ano- 
ther, 


Chap. IX. Communication of Motion. 51 


ther, do not rebound, but accompany one 
another after Impact, as if they were joined. 
This proceeds from their retaining the Impreſ- 
fion, made upon their Surfaces, after the im- 
preffing Force ceaſes to act. For all rebound- 
ing is occaſioned by a certain Spring in the 
Surfaces of Bodies, whereby thoſe Parts, which 
receive the Impreſſion made by the Stroke, 
immediately ſpring back, and throw off the 
impinging Body ; now, this being wanting in 
Bodies void of Elaſticity, there follows no Se- 
paration after Impact. 

IV. Wur one Body impinges on another 
which is at Reſt, or moving with leſs Velocity 
the ſame Way, the Quantity of the Motion 
or Momentum in both Bodies taken together 
remains the ſame after Impact, as before; for 
by the third Law of Nature, the Reaction of 
one being equal to the Action of the other, 
what one gains, the other muſt loſe. 

Tavs, ſuppoſe two equal Bodies, one im- 
pinging with twelve Degrees of Velocity on 
the other at Reſt: The Quantities of Matter in 
the Bodies being equal, their Moments and 
Velocities are the ſame; the Sum in both 
twelve; this remains the ſame after Impact 
(F. 4.) and is equally divided between them 
(F. 3.) they have therefore ſix a- piece, that is, 
the impinging Body communicates half its 


Velocity, and keeps half. 


D 2 V, WHEN 


— 
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V. Wu r N two Bodies impinge on each 
other by moving contrary Ways, the Quantity 
of Motion, they retain after Impact, is equal 
to the Difference of the Motion they had be- 
fore; for by the third Law of Nature, that, 
which had the leaſt Motion, will deſtroy an 
equal Quantity in the other, after which they 
will move together with the Remainder, that 
1s the Difference. 
 Txavs for Inſtance, let there be two equal 

Bodies moving towards each other, the one 
with three Degrees of Velocity, the other with 
five, the Difference of their Moments or Velo- 
Cities will be two; this remains the ſame after 
Impact (S. 5.) and is equally divided be- 
tween them (F. 3.) they have therefore one 
a-piece : That is, the Body, which had five 
Degrees of Velocity, loſes three, or as much as 


the other had, communicates half the Remain- 
der, and keeps the other half “. | 


From theſe Poſitions it is eaſy to reduce a Theorem, that 
ſhall ſhew the Velocity of Bodies after Impact in all Caſes what- 
ever. Let there be two Bodies A and B, the Velocity of the firſt 
a, of the other þ, then (F. 2.) the Moment of 4 will be ex- 
preſſed by Aa, and of B by Bb; therefore the Sum of both 
will be Aa; and Aa- will be the Difference when 
they meet. Now theſe Quantities (by F. 4 and 5.) remain the 
ſame after Impact; but knowing the Quantities of Motion and 
Quantities of Matter, we have the Velocity (which F. 3. is the 
ſame in both) by dividing the former by the latter (as follows 
| Ana+ Bb Aa—Bb © 
from 8 2.) therefore TIE "JIG will in all Caſes ex 
pre:s the Velocity of the Bodies after Impact. 
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II. In Elaſtic Bodies. 


VI. Bop IEs perfectly Elaſtic are ſuch as re- 
bound after Impact with a Force equal to that 
with which they impinge upon one another : 
Thoſe Parts of their Surfaces, that receive the 
Impreſſion, immediately ſpringing back, and 
throwing off the impinging Bodies with a 
Force equal to that of Impact. 

VII. FRom hence it follows, that the Action 
of Elaſtic Bodies on each other (that of the 
Spring being equal to that of the Stroke) is 
twice as much as the ſame in Bodies void of 
Elaſticity. Therefore, when Elaſtic Bodies 
impinge on each other, the one loſes, and 
the other gains twice as much Morion as if 
they had not been Elaſtic ; we have therefore 
an ealy Way of determining the Change of 
Motion in Elaſtic Bodies, knowing firſt what 
it would have been in the ſame Circumſtances, 
had the Bodies been void of Elaſticity. 

Tus, if there be two equal and Elaſtic 
Bodies, the one in Motion with twelve De- 
grees of Velocity impinging on the other at 
Reſt, the impinging Body will communicate 
twice as much Velocity as if it had not been 
Elaſtic, that is (by F. 4.) twelve Degrees, or 
all it had; conſequently it will be at Reſt, and 
the other will move on with the whole Velo- 
city of the former, 


D 3 VIII. IT 
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VIII. Ir ſometimes happens, that in Bodies 
not Elaſtic, the one loſes more than half its 
Velocity, in which Caſe, ſuppoſing them E- 
laſtic, it loſes more than all; that is, the Ex- 
ceſs of what it loſes, above what it has, is ne- 
gative, or in a contrary Direction; thus, ſup- 
pole the Circumſtances of Impact ſuch, that a 
Body, which has but twelve Degrees of Velo- 


City, loſes ſixteen ; the overplus four is to be 


taken the contrary Way, that is, the Body will 
rebound with four Degrees of Velocity. v. g. 
Let it be requited to determine the Velocity 
of a Body after Impact againſt an immoveable 
Object. Let us firſt ſuppoſe the Object and 
Body both void of Elaſticity: Tis evident the 
impinging Body would be ſtopp'd or loſe all its 
Motion, and communicate none; if they are 
Elaſtic, it muſt loſe twice as much (by F. 7.) 
and conſequently will rebound with a Force 
equal to that of the Stroke. 

IX. IT is ſufficient if only one of the Bo- 
dies is Elaſtic, provided the other be infinitely 
hard; for then the Impreſſion i in the Elaſtic il 


Body will be double of what it would have 8: 


been, had they both been equally Elaſtic: And 
conſequently the Force with which they re- 
bound, will be the fame as if the Impreſſion 
had been equally divided between the two 
Bodies. 15 

X. THEKE are no Bodies, that we know 
of, either perfectly Elaſtic, or infinitely "AY 155 
the 
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the nearer therefore any Bodies approach to 
Perfection of Elaſticity, ſo much the nearer do 
the Laws, which they obſerve in the mutual 
Communication of their Motion, approach to 
thoſe we have laid down. 

XI. Six IS AAC NEwToN made Trials with 
| ſeveral Bodies, and found that the fame De- 
greeof Elaſticity always appeared in the fame 
Bodies, with whatever Force they were ſtruck, 
ſo that the Elaſtic Power, in all the Bodies he 
made Trial upon, exerted itſelf in one conſtant 
Proportion to the compreſſing Force. He found 
the Celerity with which Balls of Wool, bound 
up very compact, receded from each other, to 
bear nearly the Proportion of five to nine to the 
Celerity wherewith they met; and in Steel, he 
found nearly the ſame Proportion; in Cork the 
Elaſticity was ſomething leſs, but in Glaſs 
much greater; for the Celerity, with which Balis 
of that Material ſeparated after Percuſſion, he 
found to bear the Proportion of fifteen to ſix- 
teen to the Celerity wherewith they met “. 

XII. We have hitherto ſuppoſed the Di- 
rection, in which Bodies impinge upon one 
another, to be perpendicular to the Surfaces : 
When it is not fo, the Force of Impact will 
be leſs, by how much the more that Direction 
varies from the Perpendicular ; for it is ma- 


nifeſt that a direct Impulſe is the greateſt of all 


* Newt. Princip. Phil. pag. 21. 
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others that can be given with the ſame Degree 
of Velocity *. 

XIII. Tr1s is the Caſe, when Bodies impel 
one another by acting upon their Surfaces; 
but in Forces, where the Surfaces of Bodies 
are not concerned, as in Attraction, &c. we 
muſt not conſider the Relation which the Di- 
rection of the Force has to the Surface of the 
Body to be moved, but to the Direction in 
which it is to be moved by that Force. Here 
the Force of Action will be leſs, by how 
much the more theſe two Directions vary 
from each other T. My Meaning in both 
1 | | Caſes 


* The Force of oblique Percuſſion is to that of direct, as the 
Sine of the Angle of Incidence to the Radius. 

Dem. Let there be a Plane as AD (Fig. 25.) againſt which let 
a Body impinge in the Point O in the Direction BD : Which Line 
may be ſuppoſed to expreſs the Force of direct Impulſe, and 
may be reſolved into two others (Chap. IV. F. 2.) BC and B{; 
the one parallel, the other perpendicular to the Plane; but that 
Force which is exerted in a Direction parallel to the Plane can 
no Way affect it; the Stroke therefore ariſes wholly from the 
other Force expreſſed by the Line BA; but this 1s to the Line 
BD, as the Sine of the Angle of Incidence 4DB to the Ra- 
dius ; from whence the Propoſition is clear. 

If the Surface of the Body to be ftruck is a Curve, then let 
AD be made a Tangent to D the Point of Incidence, and the 
Demonſtration will be the ſame. 


+ The Force of oblique Action is to that of direct, as the 
Co-Sine of the Angle comprehended between the Direction of 
the Force, and that wherein 2a Body is to be moved thereby, ta 
the Radius, | 

Dem. Let FD (Fig. 26.) repreſent a Force acting upon à 
Body as D, and impelling it towards E; but let DM be the 
only Way in which it is poſſible for the Body to move; the 
5 | | ; | Force 
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f Caſes will be underſtood from the Inſtance of 


, 


. 


£ a Ship under Sail. The Force, by which the 
Wind acts upon the Sail, will be leſs, by how 
much the more the Direction of the Wind va- 
ries from one that is perpendicular to the Sur- 
face to- the Sail: But the Force of the Sail to 
move the Ship forward, will be leſs, by how 
much the more the Direction of the Ship's 
Courſe varies from that, in which ſhe is im- 


pell'd by the Sail. 
| XIV. To this we may add the following 
Propoſition, relating to oblique Forces, vi. 
Wthat, if a Body is drawn or impelled three 
aifferent Ways at the ſame Time by as many 
Forces acting in different Directions; and if 
the Quantity of thoſe Forces is ſuch, that the 
Body is kept in its Place by them: Then will 
che Forces be to each other, as the ſeveral 
Pides of a Triangle, drawn reſpectively parallel 
io the Directions in which they a * 


CHAP. 


Force FD may be reſolved (Chap. IV. $. 2.) into two others 
sand FH, or which is equal to GD; but *tis evident that 
only the Force GD impels it towards M. Now, FD being the 
WR adius, GD is the Co-Sine of the Angle FDG comprehended 
between the two Directions FE and GM; from whence the 
ropoſition is clear. 
ben. Let the Lines AB, AD, AE, (Fig. 27.) repreſent 
e three Forces acting upon the Body A in thoſe Directions, 
ad by that Means keeping it at Reſt in the Point 4. Then 
be Forces EA and DA will be equivalent to BA, otherwiſe 
e Body would be put into Motion by them (contra Hypoth.) 
or theſe Forces are alſo equivalent to 40 (Chap. IV. F. 2.) 
[ onſequently 40 may be made uſe of to expreſs the Force AB; 
ad Ec, Which is parallel and equal to 4D, may expreſs the 


Force 
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CHAP. X. 
Of the Mechanical Powers. 


J. AVING, in the foregoing Chapter, 
accounted for the Communication of 

Motion by Impulſe; we proceed next to con. 
ſider Motion as communicated by Means of 
certain Inſtruments, commonly known by the 
Names of Mechanical Powers. The Uſe of 
theſe Powers conſiſts chiefly in managing great 
Weights, or performing other Works with a 
determinate Force. * 
II. THEy are uſually reckoned five, viz. t 
the Lever, the Wheel and Axis, the Pulley, i. 
the Screw, and the Wedge; to which ſome e 
add the inclined Plane. To theſe all Machines 8 
how complicated ſoever are reducible. = 
III. TuESsEH Inſtruments have been of very WF ©: 
ancient Uſe ; for we find that Archimedes was fe 
well acquainted with the Extent of their Pow- b 
er; as may be inferred from that celebrated N 
Saying of his, Acc @#s gd, a Tyv YT ẽ,ʒ ! 
By which he meant, that the greateſt imagt- 
nable Weight might be moyed with the (mall- 1 ©c 
eſt Power. 4 


Force AD, while AE expreſſes its own : But ACE is a T WW if 
angle whoſe Sides are all parallel to the given Directions; 
therefore the Sides of this Triangle will expreſs the Relation * 
of the Forces by which the Body is kept at Reſt. Q. E. D. by 


IV. Taal 
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IV. THAT Body, which communicates 
Motion to another, is called the Power ; that 
which receives it, the Jerg tf. 

V. THAT Point in a Body, which remains 
at Reſt, while the Body is turning round, is 
called the Center of Motion. Beſides this, there 
are two other Centers in Bodies, 1. That of 
=8 Magnitude, which is a Point, as near as poſſi- 
ble, equally diſtant from all the external Parts 
of the Body; 2. That of Gravity, or that, 
about which all the Parts of the Body, in 
whatever Situation it is placed, exactly balance 
each other. 

VI Wu EN a Body communicates Motion 
to another, it loſes juſt ſo much of its own, as 
it communicates to that other; the Action of 
one being equal to the Reaction of the other. 
ce Chapter the laſt, §. 4. and 5. 

VII. WHEN two Bodies have ſuch Rela- 
non to each other (ſuppoſe them fixed to dif- 
ferent Parts of the ſame Machine) that if one 
„be put into Motion, the other will thereby 
d neceſſarily have ſuch a Degree of Velocity 

2 given it, that their Moments will be equal; it 

will then be impoſſible, that one ſhould begin 
to move without communicating to the other 
2 Quantity of Motion equal to its own; 'tis 
evident therefore from the laſt Propoſition, that 


ion very Inſtant it muſt loſe all its own Motion 
by communicating the whole to the other 
8 - Body, 


= : it we ſuppoſe it to begin to move, in that 


m 
— — — 
— *. - — 
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Body, and therefore, being left to itſelf, wil 
remain at reſt, and communicate none at all. 
Now the Moments of two Bodies are equal 
(Chap. IX. F. 2.) when the Velocity of the 
firſt is to that of the ſecond, as the Quantity 
of Matter of the ſecond to that of the firſt; 
or if we ſuppoſe their Quantities of Matter 
as one to three, then by the Suppoſition their 
Velocities are as three to one; and if we mul- 
tiply the Quantity of Matter in the firſt, viz. M 
one, by its Velocity three, and that of the 
other, vig. three, by its Velocity one; their Pro. 
ducts are equal: Therg Moments are therefore 3 
by the Definition (Chap. XI. F. 1. and 2.) equal. 
They will alſo be equal, when the Spaces the 
Bodies paſs over are in that Proportion; for the 
Times they both move in being the ſame, the 
Spaces will always be as the Velocities. £ 
VIII. FRom hence it follows, that in an 
Machine, whether ſimple or compound, the 
Power however ſmall may have a Moment 
equal to that of the Weight; provided the ww 
Machine be ſuch, that when it is in Motion, 
the Velocity of the Power ſhall bear ſuch Pro- 
portion to that of the Weight, as the Weight 
does to the Power; for then, what the Pow 
wants in Quantity of Matter or Weight, wil $ 
be made up in Velocity; conſequently ther 
Moments will be equal by F. the laſt, and j 
therefore by F. 7. they will exactly balance; 
aach other; or be in Æquilibrio. = 


IX. Burt? 
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IX. Bur if the Power bears a greater Pro- | 
portion to the Weight, than the Velocity of | 
me Weight to that of the Power; it will then 
have a greater Momentum than the other; fo | 
chat though the other receives all its own Mo- 
ment from it when the Machine moves, yet 
there will ſome remain, which, if it be ſuffi- 
WT cient to overcome the Friction of the Machine, 
vill keep it moving. 

1 W proceed now to treat of each Mecha- 


nical Power in its Order, and 


I. Of the Lever. 


X. Tur Lever is a right Line (or Bar whoſe 
Weight in Theory is not conſidered) moveable 
on a Center, which is called its Fulcrum, or 
red Point. 

= XI. Tur ZXquilibrium in this Machine is, 
1 when the Diſtance of the Power from the fixed 
Point is to that of the Weight from the ſame, 
u as the Quantity of Matter in the Weight is to 
that in the Power. | 
„Pon, ſuppoſing the Lever placed on its Ful- 
„ crum with the Weight to be raiſed at one 


„ad, and the Power applied to the other; 


= 


tis evident, the farther the Power is placed 
1 


1 


. 2 


— 
* 
* 


from the Fulcrum or Center of Motion, the 


a berger will be its Sweep when the Machine is 
nie put in Motion; that is, it will move over pro- 
ee bportionably more Space in the ſame Time than. 

che Weight to be raiſed: Now, if it is placed juſt 
UT 3 6 ſo 
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ſo many Times farther from the Fulcrum, as it 
is leſs than the Weight, it will move juſt 6 
many Times faſter ; their Moments therefore 
will be equal (5. 7.) and conſequently the Pow. 
er and Weight will exactly balance each other, 
or be in Æquilibrio . And, if the Power ; 
ſufficiently augmented to overcome the Friction 
of the Machine, it will put it in Motion. f 
TAE Lever is of three Kinds. 1. When the 
fixed Point is between the Weight and the 
Power, as in the laſt Caſe. 2. When thei 
Weight is between the fixed Point and the 
Power. 3. When the Power is between thei 
fixed Point and the Weight. F 
IN all which Caſes the Aquilibrium will 
be, when their Diſtances from the fixed Point 
are ſuch, that their Velocities ſhall be inverſe- 
ly as their Quantities of Matter; for then (by 
F. 7.) being at Reſt, neither of them will com- 
municate any Motion to the other. | 
THE common Scales may be conſidered 


* Geometrically thus. Let 4B (Fig. 28.) repreſent the Le 
ver, F the Fulcrum, the Weight, P the Fower, the one ſub 
pended at the Extremity of the Lever A, the other at B, and 
let BF be to FA as V to P; then while the Lever moves from 
the Situation 4B into that of CD, the Point B which ſuſtaw 
the Power will move as many Times farther than A which fu 
tains the Weight (and conſequently as many Times faſter 
ſince they perform their Motions in the ſame Time) as the Ard 
BD is longer than AC; that is, the Triangles BFD and AF 
being ſimilar, as the Arm BF is longer than AF, which ( 
Hypoth.) is as many Times as the Weight exceeds the Pow Bi 
they will therefore (F. 7.) be in Aquilibrio. E. D. 4 


a Levi 


. , c 


4 
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Lever of the firſt Kind, where the Weight 
nd Power are applied at equal Diſtances from 
She fixed Point. 

Fux Steelyard is alſo a Lever of the firſt 
Kind, but whoſe Arms are unequal. 

XZ Tar Difference between the Uſe of the 
Scales and the Steelyard conſiſts in this; that 
s in one you make uſe of a larger Power (or 
more Weights) to eſtimate the Weight of an 
peavier Body; in the other you uſe the ſame 
Power, but give it a greater Velocity with re- 
ect to that of the Weight by applying it 
Warther from the fixed Point, which by F. 7. 
Pill have the ſame Effect. 


II. The WHEEL and Axis. 


= XII. THis Machine is a Wheel, that turns 
Found together with its Axis; the Power in 
his is applied to the Circumference of the 
Wheel, and the Weight drawn up by Means 
fa Rope wound about the Axis. 

XIII. In this there will be an /Equilibrium, 
hen the Weight is to the Power, as the Dia- 
meter of the Wheel to the Diameter of the 
Axis. 

Lis evident, the Velocity of the Power will 
Feed the Velocity of the Weight, as many 
mes as the Circumference of the Wheel ex- 
eeds that of its Axis; becauſe the Spaces they 
Pals over in one Revolution will be as thoſe 
ircumferences; that is, as many Times as the 
. Diameter 


1 
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Diameter of one exceeds that of the other 
(the Circumferences of Circles being as ther 
Diameters;) what therefore in this Caſe th 
Power wants in Weight will be made up il 
Velocity, from whence ($. 7.) there will be ui 
Ægquilibrium *. A 
Tur Uſe of this Machine is to rai 
Weights to greater Heights than the Lea 
can do, becauſe the Wheel is capable of be. 
ing turned ſeveral Times round, which th: 
Lever is not; and alſo to communicate Mo 
tion from one Part of a Machine to another 
accordingly there are few compound Machine 
without it. | 4 


III. The PuLLzy. 


by 
_ 


| 
| 
| 
2 
XIV. A Pulley is an Inſtrument compoſe 1 
of one or more Wheels moveable on ther 1 
Axes. F 
XV. A ſimple Pulley, if its Axis is fixe! 
is of no other Uſe, than to alter the Dire t 
tion of the Power; for the Power ani I 
Weight will both move through an equi t 

Geometrically thus. Let 4B (Fig. 29.) be the Diane : 
ter of the Wheel, DE that of the Axis, the Weight, ande 
the Power; when the Wheel begins to move, the Point B a 


D will deſcribe ſimilar Arches about the Center C, is 
ſame Manner the Point 4 and Bin the Lever were ſhewn to" 


about the fixed Point F (Fig. 28.) that is, the Point B Ml 

move as many Times faſter than D, as CB is longer than f v 
or AB than DE, the Motion therefore of P (F. 7.) wil "a v 
equal to that of V. From whence the Propoſition is clear. 


Spin 
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Space in the ſame Time. But in a Pulley 
not fixed, as in Fig. 30. where the Rope 
runs under it, or in a Combination of Pullies 
as in Fig. 31. the Aquilibrium will be, when 
the Power is to the Weight, as one to the 
Number of Ropes, that paſs between the up- 
per and lower Pullies. 
= Fox, ſuppoſe one End of the Rope fixed 
in B (Fg. zo.) and the other ſupported by the 
Power P, it is evident, that in order to raiſe 
the Weight W one Foot, the Power mult riſe 
two, for both Ropes, viz. BC and CP, will 
be ſhortened a Foot a-piece, when the Space 
run over by the Power will be double to that 
of the Weight; if therefore the Power is to 
the Weight as one to two, their Moments will 
be equal: For the ſame Reaſon, if there be four 
8 Ropes paſſing from the upper to the lower 
i Pullics as in Fig. 31. rhe Velocity of the Power 
will be quadruple to that ef the Weight, or as 
four to one, Sc. In all Caſes therefore when 
a. the Power is to the Weight, as one to the 
Number of Ropes paſſing from the upper to 
ul the lower Pullies (§. 7.) there will be an 
RY Equilibrium. 
== XVI. Ir the Pullies be diſpoſed as in Figure 
the 32d, each having its own particular Rope, 
© the Action of the Power will be very much 
increaſed; for here every Pulley doubles it, 
a Wherefore the Power is four Times greater 
"WE with two Pullies, eight Times with three, 
Vor. . E ſixteen 


| 
. 
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ſixteen Times with four, Sc. For, it is evi- 
dent from the Conſideration of the Figure, the 
firſt will move half as faſt as the Power, 
the ſecond half as faſt as that, and fo on; 
wherefore (F. 7.) the Power is doubled by 
each Pulley. f 5 
Tur Uſe of the Pulley is nearly the ſame 
with that of the Wheel and Axis, but it i 
more portable, and eaſier to be fixed up. | 


IV. The ScRE w. 


XVII. IN this Machine the Aquilibriun 
will be, when the Power is to the Weight, 
as the Diſtance between any two contiguous We 
Threads or Spirals in the Screw, to the Way IM 
deſcribed by the Power in one whole Revolu- 
tion. It is manifeſt from the Form of the 
Machine (Fig. 33.) that in one Revolution of 
the Screw, the Weight will be moved through 
a Space equal to the Diſtance of two conti- 
guous Threads, and that the Power will run 
through a Space equal to the Compaſs it takes 
in one Revolution, therefore (F. 7.) if the 
Weight is to the Power in that Proportion, 
there will be an Aquilibrium. 1 

Tx1s Machine is of great Force, and very 
uſeful in retaining Bodies in a compreſſ«« 
State, becauſe it will not run back, as the 
three foregoing will, when the Power is te. 
moved. This arifes from the great F 1 pl 
o! 
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of thoſe Parts in the Screw, which during its 


Motion ſlide upon thoſe that are at Reſt. 


V. The WzDGE. 


XVIII. Tus Inſtrument is formed by two 
equal ReQangles, joined at their lower Baſes, 
and ſeparated at their upper ones, by a third; 
=X which is called the Back of the Wedge; the 
other two, its Sides. 

XIX. In the foregoing Mechanical Powers 
we have all along conſidered the Weight, as 
moved in the ſame Direction with that, in 
which it is acted upon by the Machine, as is 
commonly the Caſe ; but in this, the Weight 
is generally applied in ſuch a Manner, as to be 
made to move in a Direction different from 
that, in which it is protruded by the Wedge; 
hence it is, that Mathematicians have wide- 
ly differed in their Determination of the 
Power of this Machine, ſome conſidering the 
Weight as moved by it in one Direction, and 
ſome in another. Nay, there are ſome, even 
among the late Writers, that have fallen into 
manifeſt Errors in their Reaſonings about it. 
We will therefore lay down the ſeveral Propor- 
tions they have given us, for the determining 
the Power of this Machine, and examine them 
one by one. 1. It is demonſtrated by ſome, 
that the Power will be equivalent to the Re- 
ſiſtance of the Weight, when it bears ſuch 
Proportion to it, as the Breadth of the Back 

| E 2 of 
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of the Wedge does to the Sum of its Sides; 
or, which is the ſame Thing, as half that 
Breadth to one of its Sides. 2. Others make 
it ſomewhat larger, and demonſtrate, that it 
ought to be, as half the Breadth of the Back 
to the perpendicular Height of the Wedge, 
. Some are of Opinion, that there will not be 
an Aquilibrium in this Machine, unleſs the 
Power is to the Weight, as the whole Breadth 
of the Back to the perpendicular Height; viz, i 
WALL IS, KEIL, GRAvESANDE, &c. 
Tuos E, who lay down the firſt Proportion 
for determining the Power of this Machine, 
ſuppoſe the Parts, which are ſeparated from 
each other thereby, to recede from the fir i 
Situation in Directions perpendicular to the a 
Sides of the Wedge. Thus let BAC (Fig. 34.) 
repreſent a Wedge; P, P, two Bodies to be 1 
ſeparated by it, the one to be moved towards Þ 
IJ, the other towards F, in the Directions Cl, 
and CF, perpendicular to AC and CB; then f 
*tis evident, that when the Wedge is driven 
into the Situation MN O, the two e 
will be moved to Q and Q; that is, one will 
have paſſed through the Spaces CK, the other Þ 
through CL, but theſe Space being equal, 
their Velocities are the ſame as if they had 1 
both paſſed over one of them, v. g. ct, or, 
which is equal to it, DG (drawn perpendicu- | 
lar to CB); therefore the Power, which we 
ſuppoſe applicd to D, moves OR DC, * 1 
the! 
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3 the Obſtacle moves through DG, conſequent- 
WT ly (. 7.) when the Power is to the Weight 
as DG to DC, that is, as DB to CB*, or 
half the Back of the Wedge to one of its 
Sides, they will be in Æquilibrio. This Pro- 
portion therefore, when the Parts of the 
Weight are ſuppoſed to be moved by the 
Wedge in the Directions CI and CF, is 
true. 

2. TEE ſecond Proportion is alſo true, ſup- 
poſing the Bodies P, P, to recede from each 
other in the Directions CN and CM, parallel to 
AB the Back of the Wedge; for, when the 
Wedge is driven in between them, to the Si- 
tuation MNO, the Bodies will have moved 
through a Space as CN, or, which is equal 
to it, DB, half tne Back of the Wedge, and 
the Power through a Space equal toits Height 
as before; conſequently (F. 7.) in this Caſe, 
the Aquilibrium will be, when the Power is 


to the Weight, as half the Back of the Wedge 
to its Height +. 


3. Trosx, 


Por (8 Zlem. 6.) the Triangle DCG and DC are ſimilar, 
and —_— DG: DC:: DB: CB. 
4 + The ſame may be otherwiſe demonſtrated from Section 14. 
Chapter IX, thus. Let there be a Body as L (Fig. 35.) drawn 
againſt the Wedge ABC by the Weight J, in the Direction 
LF, parallel to the Back of the Wedge 4B; but prevented 
from ſliding down towards C, by a Plane (whoſe upper Surface 
ve may ſuppoſe repreſented by EF) lying under it. I ſay, the 
Power will be to the Weight, when they are in Aquilibrio, as 
DA ty DC. | | 
E 2 Den. 
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3. Tyosr, who imagine there will not be 
an Æquilibrium, unleſs the Power be to the 
Weight, as the whole Breadth of the Back 
of the Wedge to its Height, ſuppoſe, as in 
the laſt Caſe, that the Bodies to be ſeparated 
recede from each other in Directions parallel 
to the Back of _ Wedge; and endeavour 
to ſupport their Opinion by the following Ar- 
gument; vis. that, when the Wedge is driven 
into the Situation MNO (Fig. 34.) as before, 
each Part of the Weight having moved through 
a Space equal to half the Back of the Wedge, 
the whole Weight has therefore moved through 


Dem. The Body L is here ated upon in three Directions, 
wiz. by the Force of the Weight in the Direction LF, by Þ 
the two Planes CA and EF, in the Directions LG and LI, 
perpendicular to their Surfaces ; let GE be drawn parallel to 
LI, then will the Triangle LGE have all its Sides reſpective. 
ly parallel to thoſe Directions; conſequently (Chap. IX F. 14.) 
if we ſuppoſe LF to expreſs the Force of the Weight, GE will 
expreſs that of the ſuppoſed Plane, or which is the Equal to it, 
becauſe they act in contrary Directions to that of the Power: But 
GE is to EL, as DA to DC (for the Triangles EGL and DAC 
are ſimilar, the Sides of one being ex Conftru#. reſpeEively 
perpendicular to thoſe in the other; v. g. LG to CA. EL to 
DC, and GE to DA); conſequently the Power is to the Weight, 
when they balance each other, as half the Breadth of the Back 
of the Wedge to its Height. 2. E. D. 

Coroll. Suppoſe the Body L had been drawn againſt the 
Wedge in the Direction GL perpendicular to its Surface, and 
were to be moved by it in the contrary Direction toward: 
G, as in the firſt Caſe; then if GL expreſſes the Force with 
which it is drawn towards the Wedge, GE will be that with 
which it reſiſts the Power; but GE is to GL as DA to 4G 
the Triangles EGL and DAC being fimilar ; conſequently in 

this Caſe, the Power will be to the Weight, as half the Breadth 
of the Back of the Wedge to one of its Sides; as was before B 
demonſtrated. : : 
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twice ſo much, or a Space equal to the whole 
Back: As much as to ſay, the whole has 
moved farther than its Parts; which is abſurd. 
XX. To determine the Power of this Ma- 
chine in general, let ABC, in Fig. 34. repre- 
ſent an Iſoſceles Wedge, whoſe Sides are AC 
and BC, and its Back AB; draw the Line CD 
perpendicular to AB; and let R, R, repreſent 
two equal Bodies to be ſeparated by the Wedge, 
and ſuppoſe them confined by Planes put un- 
der them, or otherwiſe, to move in the Direc- 
tions T and Z only, that are equally inclined 
to the Sides AC and BC reſpeCtively : And let 
the Wedge be driven in the Direction DC. Let 
n be the Point where the Body R touches the 
Wedge, and through z any Point in the Line 
mT draw the Line n parallel to DC, and pa- 
rallel to T draw DX meeting CB (produced 
if neceſſary) in X; then the Triangles mur and 
CDX will be ſimilar, the Sides of the one 
being reſpectively parallel to thoſe of the other. 
And becauſe the Bodies to be ſeparated are 
equal, and the Wedge Iſoſceles, the Lines f 
and 3 equally inclined to the Sides CB and 
CA, and the Wedge driven into the Direction 
DC, the Bodies will be both moved with equal 
Degrees of Velocity; and while the Wedge 
moves downwards a Space equal to rn, each of 
the Bodies will be driven in the Directions mT 
and Z over a Space equal to mn : If rn there- 
fore be taken to meaſure the Velocity of the 
| E 4 Wedge, 
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Wedge, un will meaſure that of both the Bo- 
dies; for as to their moving different Ways, that 
makes no Difference, becauſe they are as free 
to move one Way as another. Since then the 
Triangles nr and DCX are ſimilar, and there- 
fore the Proportion of rn to mn the ſame as 
that of DC to DX, the Velocity of the Wedge 
will be to the Velocity with which the Bodies 
R, R, are driven by it, as DC to DX; and 
conſequently, whatever Forces, acting in the 
Directions Tm Zs, oppoſe the Motion of the 
Wedge, a Force of the ſame Kind, acting upon 
the Back of the Wedge at D in the Direction 
DC, and puſhing it forwards, will be in Æqui- 
librio therewith, when it bears ſuch Propor- 
tion to them, as DX does to DC : And there- 
fore, if DC be taken to meaſure the Reſiſtance 
of the Bodies to be moved by the Wedge, 
DX will always be the Meaſure of the Power 
requiſite to make an Aquilibrium therewith. 
FRO M this general Theorem the particular 
Caſes that fall under it are readily deduced. 
Thus, if the Bodies R, R, are confined to move 
upwards in Directions parallel to the Sides of 
the Wedge, T will lie parallel to CB; and 
therefore DX the Meaſure of the Power ne- 
ceſſary to make an Aquilibrium, being to be 
drawn parallel to T, muſt be drawn parallel 
alſo to CB; it will therefore meet CB produced 
at no leſs than an infinite Diſtance, and will 
conſequently itſelf be infinite: That is to ſay, 
| n 
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Jo finite Power will be able to drive the 
9 edge any farther between the Bodies thus 
confined. If the Bodies are confined to an hori- 
ontal Motion, T becomes parallel to AB the 
Pack of the Wedge, and DX (parallel to T) 
falls upon DB, and DB half the Back of the 
edge is the Meaſure of the Power requiſite 
o conſtitute the Aquilibrium. If the Bodies 
re confined to move off at right Angles to the 
Sides of the Wedge, DX falls upon DG, and 
DG meaſures the Power; conſequently, DG 
being ſhorter than any other Line that can be 
Wodrawn from D to the Line CB, the Power in 
his Caſe neceſſary to make an Æquilibrium 
Noith the Reſiſtance of the Bodies, is what the 
Nathematicians call a Minimum; that is, it is 
ess in this than in any other Suppoſition what- 
ever. And if the Bodies are to be moved per- 
endicularly downwards, X falls upon C, and 
c becomes the Meaſure of the Power: But 
DC is all along ſuppoſed to meaſure the Reſiſt- 
ce of the Bodies to be moved by the Wedge; 
he Power therefore and the Reſiſtance are now 
equal to each other; which implies that the 
Bodies in theſe Circumſtances are capable of 
eing moved either with or without the 


LI cw—_—_—_— — 0 2 ä * 
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e Wedge with equal Eaſe. If the Bodies are 
onfined to move downwards in Directions pa- 
d allel to the Sides of the Wedge, DX becomes 


1 parallel to BC, the Point X falls upon it infi- 
Pitely below C, and therefore DX, and conſe- 


quently 


2 -— 
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quently the Power to be meaſured by it, be. 


comes infinite again; that is, the Bodies cannot 


be driven by the Wedge in thoſe Directions 
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by any Power whatever. When the Bodies 
R, R, are not confined, but are at Liberty to 
move in any Direction whatever, they will Þ 


naturally take that in which they may be driven | 
by the Wedge with the greateſt Eaſe ; that is, 
they will take that which is perpendicular toits 


Sides; and therefore the Perpendicular DG, 
which was the Meaſure of the Power neceſlz. 
ry to make the Equilibrium, when the Bodies 


were confined to move in that Direction, and 
was the Minimum, will be the Meaſure of it 


alſo in this Suppolition. 


XXI. THe conſidering the Bodies to be ſe- 


parated by the Wedge as confined to move from 
each other in particular Directions, leads us to 
an eaſy Solution of a Caſe relating to one of the 
Uſes of this mechanical Power, I mean the Di- 


viding of Bodies therewith. To determine the} 


Power of it in this, let us conceive the two 


Pieces LQ and LQ as turning upon a Joint at 


L, which Joint is to be opened by the Wedge 
ACB, driven in between the Pieces, and prel- 


ſing againſt them only at their Extremities G| 
and H, as repreſented in Fig. 36. And let u 


ſuppoſe that there is a certain Degreeof Stiffnel 
in the Joint, by which Stiffneſs may aptly be 


denoted the Tenacity or Coheſion of the Pai 


of the Body to be divided. Let the Lines * 
3 an 


2 
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and HI be drawn perpendicular to the Lines 
TG and LH, which will therefore be the Di- 
Nrections, which thoſe Extremities will be con- 
nned to, when they begin to move: Parallel to 


as we have juſt been ſhewing, if two Bodies, 
Wconfined to move in the Directions GF and HI 
only, were to be ſeparated by the Wedge, the 
power neceſſary to make an Aquilibrium with 
the Reſiſtance of thoſe Bodies would be to that 
Reſiſtance as DX to DC; or that, if DC be 
taken to meaſure the Reſiſtance they make, 
D ſhall meaſure the Power that ſhall cauſe an 
= Equilibrium between them, it follows, that, in 
this Caſe, if we meaſure the Force, which, if 
applied at G and H in the Directions GF and 
l, would overcome the Tenacity at L, and 


BZ DX will be the Meaſure of the Force, which 
= would, with equal Eaſe, perform the ſame 
Thing by the Help of the Wedge. And when 
the Point comes infinitely near to L, and DX, 
parallel to GF, becomes therefore perpendicular 
to CB, and conſequently the Triangles DCX 
and DCB become ſimilar (8 Elem. 6.) the 
Power neceſſary to rend the Pieces with the 
Wedge will be to that which would do the 
E ſame without it, as DX to DC; that is, be- 
Wy cauſe of the Similarity of the faid Triangles, 


as DB to BC, or as half the Back of the Wedge 
o one of its Sides. 


Bo r, 


one of theſe, as GF, draw DX; then ſince, 


- = - * * 
99 = == Bd =p > * 


rend the Pieces aſunder without a Wedge, 


= 
1 
C * 
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Bu r, if we have no Regard to the Stiffne, 
of the Joint L, and conſider only the Quantity E. 
of Matter in the Power that drives the Wedge, 
and in the Bodies LQ and LQ to be turned upon il 
that Joint, neceſſary to make an Æquilibriun 
between them, as is the uſual Method in The. 
ory, and obſerved in all the other mechanic! 
Powers, and the Thickneſs of the Pieces be th: 
ſame from End to End, and their Subſtance 
uniform, ſo that their Centers of Gravity ma 
be in the Mid-way between L and G, or Lan 
H, or any where in the Arches Sc and 4 RE 
whoſe Centers are at L, and which cut the Lins i 
IL) and LH in the Middle, the Equilibrium, 
will be, when the Quantity of Matter in te 
Power is to the Quantity in the Bodies LQ and 
LQ, as half DX to DC, and when the Point 
of the Wedge comes infinitely near to L, an( 
DX becomes perpendicular to BC, and th: 
Triangles DCX and DCB ſimilar (as above) 2 
half DB to BC, or as a Quarter of the Back d 
the Wedge to one of its Sides: Becauſe, as vl 
evident, in this Suppoſition the Centers of G. Bp 
vity of the Pieces will have but half the Vel 
city they would have had, had all Parts of then 
been to be moved as faſt as the Extremities n; 
and H; half the Power will therefore be ſuff· 
cient to move them that would have been 
quired in that Caſe; but in that the Quantity d $ 
Matter in the Power muſt have been to the Ire 
Quantity in the reſiſting Bodies, as DX to DW 
| | and, =_ 


hap. X. The Inclined Plane. 77 


and, when C comes infinitely near to L, as DB 
to BC; it is therefore, in the preſent Suppoſi- 
tion, in the former of theſe Caſes, as half DX 
to DC, and in the latter, as half DB to BC, or 
ss a fourth Part of the Back of the Wedge to 
Wone of its Sides. 
= Ox this Propoſition may be conſidered in ano- 
ther Light, thus: The Centers of Gravity of 
Wthe two Pieces LQ and LQ being in the Arches 
e and de, that cut LG and LH in the 
Middle, they are carried upon the Levers LG 
end LH in the Mid · way between their common 
EF ulcrumL and their Extremities G and H; the 
Wedge therefore has not only a mechanical 
advantage over them, in Conſequence of its 
oon Form, in the Proportion of DX to DC, 
Hut in Conſequence alſo of their being carried 
upon the ſaid Levers, in the Proportion of two 
o one; the Wedge therefore has twice the 
power over them it would otherwiſe have; and 
gconſequently half the Quantity of Matter in the 
power that drives the Wedge is ſufficient to 
Wgconſtitutean Equilibrium that is requiſite where 
vo ſuch Levers are concerned. 
XXII. Tur Form of the Inclined Plane being 
vo other than that of half a Wedge, as is ma- 
ifeſt from the Repreſentation of it (Fig. 37.) 


; Wt follows, that what has been demonſtrated 
" of the one, may be applied to the other, and 
1 the Properties of both will be found the ſame. 
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For Inſtance, if the Weight W is to be drawn 
up 
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up the Plane CB, by the Power P, in a Di. 
rection parallel to the Plane, inſtead of that, 
we may ſuppoſe the Weight prevented from 
running off the Plane by the String WH, and 
the inclined Plane driven under it like a Wedge 
in the Direction DC: Then will the Weight 
riſe towards G in a Direction perpendicul: 
to CB, for we muſt always ſuppoſe the Striag 
WB parallel to the Plane (as it would hae 
been, if the Weight had been drawn up h 
it;) then will the Action of the Plane upon Wi 
the Weight be ſimilar to that of the Wedge 
in the firſt Caſe, and confequently the Powe Wi 
will bear ſuch Proportion to the Weight, 33 
DB to BC; that is, as the Height of the Plaue 
to its Length. Again, ſuppoſe the Weight 
was to have been drawn up the Plane by 1 
String in the Direction WF parallel to CD 
the Baſe of the inclined Plane; then if th: 
Plane be driven under the Weight as before, il 


it muſt riſe in a Direction perpendicular t | 
CD, that is, parallel to DB: Then the Caſe vil 
be analogous to the ſecond of the Wedge; 
conſequently, the Power will be to the Re. 
ſiſtance of the Weight, when there 1s a 
Aquilibrium, in the Proportion of DB to DC 1 
as there demonſtrated. 1 
XXIII. Tuzsz are the Powers or Machines Wh 
which, under different Forms, conſtitute al 4 
others how complicated ſoever; and as ti: 
A quilibrium, in any one of theſe, is, mm ; I 
owe! i 
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power and Weight are inverſely as their Ve- 
ES locitics; ſo in a Machine however compound- 
ed, the Power and the Weight will exactly 
balance each other, when they are in this 
Proportion; for by F. 7. their Moments will 
en be equal, and the Machine, if at Reſt, 
W will continue in that State; and, if put into 
Motion by an external Force will gradually 
7 W loſe it, when that Force ceaſes to act; on Ac- 
count of the unavoidable Friction of the Ma- 
chine, and the Reſiſtance of the Air, which 
it muſt neceſſarily meet with, unleſs its Mo- 
tion could be performed in a perfect Vacuum. 
from hence we ſee the Impoſſibility of con- 
= triving an Engine, whoſe Motion ſhould be 
WT perpetual, that is, ſuch as does not owe its 
Continuance to the Application of ſome ex- 
= ternal Force; a Problem that has given Birth 
to an almoſt infinite Number of Schemes and 
Contrivances. For unleſs ſome Method could 
be found out of gaining a Force, by the art- 
ful Diſpoſition and Combination of the Me- 
RE chanical Powers, equivalent to that which is 
gg continually deſtroyed by Friction, and the Re- 
fſiſtance of the Air, the Motion, which was at 
W firſt given to the Machine, muſt at length be 
gg neceſſarily loſt, But we ſee, that thoſe In- 
ſtruments are only different Means, whereby 
one Body communicates its Motion to another, 
and not defigned to produce a Force which 
had no Exiſtence before. Tis for Want of a 
B due 


80 The Conclufion. Part LE E 
due Conſideration of this, that ſo many Me. 
chanical Deſigns have proved abortive, ſo many 
Engines unequal to the Performance for which 
they were deſigned, and ſo many Impoſllibili. 
ties attempted. 
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« Ix it were poſſible, ſays Biſhop WIL KN 
to contrive ſuch an Invention, whereby Þ 
any conceivable Weight may be moved by 
any conceivable Power, both with equal | 
Velocity (as it is in thoſe Things which ae 
immediately ſtirred by the Hand, without 
the Help of any other Inſtrument) th: 
Works of Nature would be then too much 
ſubjected to the Power of Art; and Men 
might be thereby encouraged (with the 
Builders of Babel, or the Rebel Giants) to MW, 
ſuch bold Deſigns as would not become 
a created Being. And therefore the Wiſdom 
of Providence has ſo confined theſe Human 
Arts, that what an Invention hath, in th: 


neſs of it; and what it has, in the extraordr- 
nary Quickneſs of its Motion, muſt be a- 
lowed for in the great Strength requiſite 1 
the Power which is to move it *.“ 


Milſins's Mathem. Magick, p. 104. 
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I. 


= Of be Vibration of à Pendulum in 
1 a Cycloid. 


PRO POSITION I. 


F a Pendulum be made to vibrate in a 
Cycloid, all its Vibrations, however une- 
qual, will be z/ocronous ; that is, they will be 
performed in equal Times (a). 


= (a) In order to demonſtrate this Propoſition, it will be proper 
do lay down the following Lemma's, 


L E M M A I. 


7 ig. 1.) by virtue of à Force which decreaſes in Proportion as the 
Dance of the Body from X decreaſes ; that is, if when the Bod 
ones to M, N, O, &c. the Action of that Force upon the Body, 4 

in AS «5 tbe Ditances XM, XN, XO, &c. reſpectiuely: And if the laſt 
acquired Velocity of the Body; that is, its Velocity when it comes to 
N. be expreſſed, or ſet off, by the Perpendicular XB, equal in Length 

le Line AX, and its Velocities at M, N, O, Sc. be ſet off 


bo each other and to the Line XB, as the Velocities of the falling 
= body at M, N, O, &c. are to each other and to its laſt Velocity at 
X. nd if through the Extremities 7 theſe Lines, the Curve ADB 
We * drawn ; I ſay, that Curve will be a Portion of a Circle : And 
L the Time in which the Body will deſcend through the whole Space or 
5 Vo L, J. F Line 


F< 


If a Body deſcends from A along the Line AX, (Appendix Plate, 


8 :-ocre by the Lines MD, NP, OQ, &c. in Length proportionable. 


2 APpPENDIx to Part I. 


Line AX [or any Part of it, as MO] will be ſuch Time, as would 1 ? 
be requiſite for it to deſcribe the whole Arch AB [or any Part a: 
DQ, corriſponding to MO] in, with its laſt acquired Velodly 


at X. 


Demonſtration of the Lemma. Parallel and contiguous to the 
Line MD, draw NP, in which Caſe the Line MN becomes a 
Point, and the Arch DP a Tangent to the Curve: Produce PD BY: 
till it meets XA produced, in I; draw the Line XD; and let 
fall the Perpendicular DL. Then the Lines DL and TM being BY 
parallel, the Angles PDL and DTM are equal, as being alter. 
nate (by 27 Elem. 1.); and the Angles at L and M as being 
right ones; the Triangles therefore PDL and DTM are fimllar, 
which for the Sake of referring to it afterwards, let us make the 
firſt Step of the following Proceſs | 1 | The Triangles PDL and 


DTM are fimilar 


From the firſt Step we have this | |} 
Proportion (5 Elem, 6.) 2|PL:LD:: DM: MT 

By the Figure 31 LD = MN 

But MD being the Velocity when 
the deſcending Body comes to | 
M, the Point MN is deſcribed ; * : 
with that Velocity; for there | Ef 
is no Acceleration during the | 
Paſſage of a Body overaPoint; | | 
conſequently MN is proporti- 
onable to MD; that is, | 4 MN 1s as M. 

Comparing the ſecond, third, and 


fourth Steps 5 PL: MD: : DM: M 
But MD and NP being the Velo- | 
| 


cities of thede{cendingBodyat 
Mand N, LP the Difference of 
thoſe Lines, expreſſing the In- 
creaſe of Velocity in the Body, 
will be proportionable to the 
moving Force at thePoint MN; 
that is, by the Suppoũtion, to 
the Diſtance XM; therefore | 6 PL is as XM 
Comparing the fifth and ſixth y XM: MD :: DM: MT 
Conſequently (; Elem, 6.) | 8 The Triangles XDM and 
DMI are ſimilar. 


„— 


aA wo. , tc A wed i.4 AS bod 


- 


And therefore, fince their Angles at M are right ones, tit 
Triangle TDX is (by the Converſe of Prop. 8. Elem. 6.) right 


any.ed at D. Conſequently ſince the ſame is true of any on 
| ; 01 
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Point of the Curve, as well as D, the Arch ADB is a Portion 
bf a Circle (16 Elem, 3.) Which is the firſt Part. 


Secondly, comparing the firſt 
and eighth Steps, the Trian- 
gles PDL and XMD are ſi- 5 
milar; therefore 9 LD : DM :: DP: DX 

ADB being a Portion of a Cir- 

1 cle, as Grey proved 10 DX = XB 

ES Comparing the 3d, gth and 
Y ioth Steps 11 | MN : DM:: DP: XB. 


| Since then the Point MN bears the ſame Proportion to MD, 
or the Velocity it is deſcribed with by the falling Body, that 
BS the Point DP does to the laſt acquired Velocity XB, it follows 
that the former, MN, is deſcribed in the ſame Time with the 
Velocity the Body has when there, that the latter, DP, might 

be with the laſt acquired Velocity XB. And fince the ſame is 

true of every other Part of the Arch ADB, it is obvious that 

the Time in which the Body will deſcend through any other 

Part of the Space AY, ſor the whole of it,] will be ſuch as 

== would be required for it to deſcribe any correſponding Part of 
the Arch ADB, ſor the whole of it,] with the laſt acquired 

Velocity XB. hich was the other Part. 

Coroll. Hence it follows, that if a Body deſcends along the 
Line AX, by Virtue of Forces acting upon it at A, M, N, O, 
&c. proportionably to the Length of the Lines XA, XM, XN, 
XO, Sc. and if on X as the Center, and with the Radius XA a 
Portion of a Circle, as ADB, be deſcribed; and if the Radius 
or whole Sine XB, be put to repreſent the Velocity of the Body 
when it comes to X, the other Sines MD, NP, OQ, Oc. will 
repreſent the reſpective Velocities of the Body at the ſeveral 
Points M, N, O, &c. And converſely, if one of the Sines, 
as MD, be put to expreſs its Velocity at M, the other Sines 
NP, OQ, and the Radius or whole Sine XB, will expreſs the 
Velocity of the Body at thoſe other Points N, O and X. 


L EM M A I. 


Va Body mots along the Line AX, (Fig. 2.) and be urgcd 
all th: Way by Forces proportionable to its Diſtance from the Punt 
= X; whatever Point of that Line it Jets out from, it will ceme to 
he Point X in the ſame Time. Which Time ævill bear ſuch Pro- 

8 Portion to the Time it would move over the whole Line AX in, <vith 
= / be Velocity it ſpall acquire by falling through the while Line AX, 
Wo: the Semicircumference of a Circle does to its Diameter. 

A F 2 Dem. 


LY 
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overtake one another at that Point. 


with the Radius's XA and XP deſcribe the two Quadrants AB : 4 


On X as a Center, and 


Dem. Let two Bodies A and P ſet out from the Points A and 3 
P at the ſame Time; and let them be urged by Forces propor. 
tionable to their Diſtances from the Point X: Iſay, thoſe Bodies 


will come to X at the ſame Inſtant of Time; that is, they will i 


and PQ; and draw the Line SX, and the Sines RS and MN; 3 a { 


and let the whole Sine or Radius XB.expreſs the Velocity the 
to X: Then by Corollary of 


Body A will acquire by fallin 3 
taken as near as poſſible to !, 


Lemma 1. will the Sine RS, 1 


expreſs the firſt Velocity of the Body A. But the Force, which 
urges the Body A is ſuppoſed to be to that which urges the Body i 
P, as XA to XP (or becauſe the Archs AS and PN are fimilar) 
as RS to MN: As therefore RS expreſſes the firſt Velocity of 
A, MN will expreſs the firſt Velocity of the other Body P: i 
And therefore by the ſame Corollary, its Velocity when it 
comes to X, will be expreſſible by X. Farther, the Tine 

the Body A falls to X in, is by Lemma 1. equal to the Tine 

the Arch AB would be deſcribed in with the Velocity XB; and 

the Time the other Body falls from P to X in, is equal to the 
Time the Arch PQ would be deſcribed in with the Velocity 
XQ But a Body will be as long in moving over the Arch PC 
with the Velocity XQ, as over the Arch AB with the Velocity 
XB, the Lines XQ and XB having the ſame Proportion to each 


other, that the Archs have. 


talls to X in, is equal to the Time the other Bod 
fall to that Place in. Which was the firſt Part. 


Again by Lemma 1, 


Axiom, or ſelf evident 


Propoſition 


Comparing the firſt and 
ſecond 


i 


| 


| 


f 


Therefore the Time the Body 4 
y P would 


The Time'a Body would fal 
from A to X in, is equal tothe 
Time it would move over the 
Arch AB in, with its laſt ac. 
quired Velocity at X. 


The Time a Body would more b 


over the Arch AB in with ts 
laſt acquired Velocity at X, 
to the Time it would mon! 
over AX in with the ſame he. 
locity, as AB is to AX. 
The Time a Body would fall from 
A to X in, is to the Time f 
would move over AX in vill 
the laſt acquired Velocity, 
AB is to AX, f 
| Axion 


1 By che Figure 
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1 Axiom 


Comparing the 3d, 4th 
and 5th Steps 


4 
5 


| 


AB is to AX as twice A is to- 

twice AX. 

Twice AB is to twice AX as the 
Semicircumference of a Circle 
is to its Diameter. 

The Time a Body would fall 
from A to X in, is to the Time 
it would move over AX in 
with its laſt acquired Velocity, 
as the Semicircumference of a 


Circle is to its Diameter. 
Which was the ſecond Part. 


LEMMA III. | 
if from the tixvermofl Point of a Circle, as X, (Fig. 3.) be 


un ile Chords XQ and XO, the Poucer of Gravity whereby it 


ſhall cauſe a Body to deſcend along the former, will be to the Power 
avhereby it Hall cauſe it to deſcend along the Auer, as the Length of 
the former is to the Length of the latter. 


Dem. Draw the Diameter XD, the Perpendiculars QR and 


OS; and join the Points 


1 Elem: 6.)" 


And for like Reaſons 
But by Part]. Chap.6. $2. 


And alſo 


Comparing the iſt and 3d 


Comparing thezd andꝗth 


the Tri riangle XQD is right- angled at 


4 
2 
3 


and OD. Then (by 31 Elem. 3.) 
Q and therefore (by 8 
AR : AQ =: AQ 2 XD. 

XS: XO:: XO XD. | 

The Effect or Power of Gravity 
upon a Body deſcending along 
the Chord QM, is to that which 
it exerts upon another falling 
freely ; that 1s, to its whole 
Power, as XR to XQ. 

The Power of Gravity upon a 
Body deſcending along a 
Chord OX, is to its whole 
Power, as XS to XO. | 

The Power of Gravity upon a 

Body deſcending along the 

Chord Q, is to its Whole 

Power, as XQ to XD. 

The Power of Gravity upon a 
Body deſcending along the 
Chord OX, is to its whole 


Power, as XO to XD. 


F 3 | Comparing 


1 
| 
id 
il 
l 
| 
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Comparing the 5th and] |] = 1 
6th Steps 7 | The Power of Gravity upon z i: 
7 Body deſcending along the 

| Chord Q, is to the Power MR 
of Gravity upon a Body de. 

7 ſcending along the Chord ON, 
as XQ to XO. Q. E. D. 2 


The Deſcription of a Cycloid, with the Definitions relating 
thereto. If a Circle as FCH (Fig. 4.) be rolled along the Line 
AB, till it has turned once round; the Point C in its Circun: 
ference, which at firſt touched the Line at A, will deſcribe the RY 
Curve Line ACXB, which Curve is called a Cycloid. The right 
Line AB is its Ba/e : The middle Point X is its Vertex: Ad 
a Perpendicular, as XD, let fall from thence to the Baſe, i: 
its Axis : And the Circle FCH, or any other as XGD, equal 
thereto, is called the Generating Circle. 


LEMM A IV. 


If on XD, the Axis of the Cycloid, as a Diameter, the gin 
rating Circle XG D be deſcribed; nnd if from a Point in the (. 
loid, as C, the Line CIK be drawn Parallel to the Baſe, the Pr. 
tion of it CG, will be equal to the Arch GX. | 


Dem. Draw the Diameter HF, then the Circles FCH and 
DGX being equal # £2 Ko = - - 5 
Adding Gl to each of them 2|KI-=-CG 
By the Figure 3: KI = DF 
Comparing the two laſt 1 4] CG = DF 
By the Beten of the Cycloid | 5 | The Arch CF = AF 
By the Figure 6 | The Arch CF = DG 

7 
8 


Comparing the 5th and 6th AF = DG 
By the Deſcription of the Cycloid AFD = DGX 
Comparing the 7th and 8th with | 
the Figure | 9| FD = GX 
Comparing the 4th and the gth | 10| CG = GX. Q. E. ). 


A.. A AOII+2 K wy AGB OO OD „ „„ ca » tw a _ = 


= 
The ſame Things being ſuppoſed as in the feregoing Lemma, 6 180 

Tangent to the Cycloid at the Point C, is parallel to GX a Chiri 

of 16e Circle DG. | | 

Dem. It appears from the Deſcription of the Cycloid, thi! Wi 

ſinoe the Angle FCH is a right one; (as it is by 31 Elem. y s 4 


the Chord CH is a Tangent to the Curve at the Point C, 2 
| 5 . 6 . " , 0 0? 


Wi, a | 


! 
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A | CH is parallel to GX; a Tangent therefore at the Point C, is 
W parallel to GX, the Chord of the Circle DGX. Q. E. D. 


LEMM A VI. 
Things remaining as before, if from a Point of the Cycloid, as 


| L, the Line LMK be drawn parallel to the Baſe AB, the Arch 
= XL of the Cycloid, will be double of XM the Chord of the Circle 
= corr:/ponding thereto. \ 


Dem. Draw the Line SQ parallel and contiguons to LK 


1 | croſſing the Circle in R, and the Chord XM produced, in P, 
chen will LS, MR and Mp become Points, the firſt having the 
W Property of a Tangent to the Cycloid at LS, the ſecond that 


of a Tangent to the Circle at MR, and the third, the Proper- 
ties of a Production of the Chord XM. Join the Points X and 


| | | R, and on MP let fall the Perpendicular RO : Produce alſo 


the Point RM, till it meets XN, a Tangent to the Circle at X. 
Then will the Lines XN and QS, being each perpendicular to 
the Diameter DX, be parallel; and the Triangles MNX and 
MPR will be fimilar ; as having their Angles at M vertical, 
and at P and X alternate. But the Tangents NX and NM are 


equal (by 36 Elem. 3.) the correſponding Lines therefore PR 
and RM in the other Triangle, are ſo too: This laſt Triangle 


is therefore an Iſoſceles one; and therefore RO being perpen- 
dicular to its Baſe MP, MP is equal to twice MO. The Tan- 
gent LS is parallel to MP, (as being by Lemma 5. parallel to 
MX) and therefore equal to it, the Lines LK and SQ being 
parallel: It is therefore equal alſo to twice MO. But LS is 
the Difference between the cycloidal Archs XL and XS; and 
MO is the Difference between the Chords XM and XR, for 
fince XO and XR are cloſe together, RO which is perpendi- 
cular to one of them, may be confidered as perpendicular to 
both : The Difference therefore between any two Archs of the 
Cycloid 1s twice that which is between two correſponding 
Chords of the Circle; and conſequently any Arch, as XL, is 
double of the correſponding Chord XM. Q. E. D. 
Coroll. Since when the Arch XL becomes XB, the corre- 


ſponding Chord XM becomes XD the Diameter of the Circle 
DMX ; it is obvious, that the Semicycloid BX, or AX, isequal 


do twice DX the Diameter of the generating Circle DMX, 


LEMM A VII. 


| : If Body deſcends in a Cycloid, the Force of Gravity (% far 
= 4 it ads ufon it in cauſing it to deſcend along the Cycloia) aol] 


F 4 


8 APPENDIX to Patt 1. 


PRoPosITION II. 


The Time in which a Pendulum vibrating ll 
in a Cycloid, performs a Vibration, is to the 


be proportionable to the Diſtance of the Body from the loweſt Piin 3 
of the Cycloid. 2. 


Dem. Let the Cycloid be AXB (Fig. 5.) whoſe Baſe is A}, 
and its Axis DX, on which laſt as a Diameter, deſcribe the ge. 
nerating Circle DQX : Draw the Chords OX and Q; througi 
the Points O and Q, and parallel to the Axis AB, draw th: 
Lines LS and MR; draw alſo the Tangents LV and MY. Then 
becauſe by Lemma 5. the Tangent LV is parallel to ON, aud 
the Tangent MY parallel to QX, it's obvious that Gravity exert 
the ſame Power or Force upon a Body deſcending in the Cy. 
cloid at L (becauſe it then deſcends in the Tangent LV) as t 
would do upon the ſame Body deſcending along the Chad 
OX: And for the like Reaſon, it exerts the ſame Force upon Wi 
it when it comes to M, that it would do if it were deſcending i 
along QX : But (by Lemma 3.) the Power or Force of Gr: i 
vity upon Bodies deſcending along the Chords OX and O. 
are as the Lengths of thoſe Chords; that is, by Lemma 6. 
(halves being proportionable to their wholes) as the Length « Wn 
the Cycloidal Archs LX and MX. The Force therefore « 
Gravity upon a Body deſcending in the Cycloid at the Point“ 
[or any other] is to its Force upon the ſame when at MIG 
any other Point] as the Space or Diſtance it has to move ove: iſ 
in the former Caſe, before it gets to the loweſt Point X, u 


that it has to run over in the latter, before it arrives at the 
ſame Point, Q. E. D. 


Demonſtration of the Propoſition in the Text to which this 
| Note refers. | 
By Lemma 7. The Force of Gravity ſo far as it cauſes a Bod 
to deſcend in a Cycloid is proportionable tothe Diſtance of thit 
Body from the loweſt Point; imagine then that Body to be! 
Pendulum vibrating in the Cycloid, then whatever Point it tt 
out from, it will by Lemma 2. come to the loweſt Point in tit 
ſame Time: And conſequently ſince the like is true as to 
aſcending from that Point, all its Vibrations be they large d 
{mall, will be performed in the ſame Time. Q. E. D. 


Time 


4 0 = * 
1 an. V 1 P reren 1 "TY FRY «a 
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18 me in which a Body would fall freely thro 
half the Length of the Pendulum, as the Cir- 
Wcumference of a Circle is to its Fey (3). 
2 | ROB. 


of Uſe. | 
22 L EMMA VIII. | 
Vis a right-angled Triangle, as BFG, (Fig. 6.) the Perpendi- 
= cular Fl be let fall from the right Angle to the Hypothenuſe BG, the 
line BI multipled by BG will be equal to BF q. v 
Dem. By 8 Elem: 3. the Triangles BFI and BFG are ſimilar, 


= conſequently BI is to BF, as BF is to BG and therefore BI x 
Ss BG = BFA. Q. E. D. 
5 IL. E MMA IX. 

7. Boay deſcends along a Curve Line, as AX (Fig. 7.) it will 

RE acquire the ſame Velocity that another, or, the ſame Body would do, 
„. falling from an equal perdendicular Height in the Line DX. 

Dem Parallel to the horizontal Line AD, draw the Lines BM 

and FN contiguous to each other ; in' conſequence of which, 


| che Lines MN and BG are capable of being conſidered as Points; 
aud therefore the Velocity the deſcending Bodies paſs over them 


{ WE with, as uniform; and the curve Line BG, as a ſtraight Line 
also, and as a Tangent to the Curve AX at the Point BG. 


Things being thus, let it be ſuppoſed that the Bodies begin their 

Fall at Band M, or, which comes to the ſame Thing, that they 

| have equal Velocities at thoſe Points: Then the Velocities of 
the Bodies being uniform and equal to each other, (for there is 
| no Acceleration in a Point) the Lines BG and MN may repre- 
ſent the Relation the Times they are paſſed over in bear to each 

other. Parallel to DX draw BF, and let the equal Lines BF 
and MN repreſent the Force of Gravity acting perpendicularly 
ac thoſe Points; and let the Force BF be reſolved into two others, 
& w:z BI and IF, the one parallel, the other perpendicular to the 
Courſe of the Body at B: It is only the former of theſe, vx. 
BI, that accelerates the Body along the Curve BG; the other, 
viz. IF, neither accelerates it nor retards it, but is wholly ſpent 
in preſſing the Body cloſe to the Surface BG, if it be a Surface 
or in ſtretching the String which keeps the Body in the Courſe 
ABX, if it be a String, Now the Velocity a Body acquires by 
moving over any Space, is proportionable to the Force that acts 
ö upon 


() To demonſtrate this, the following Lemma's will be 


— —ä—ꝛ—ͤêêñ —Zñʒ ̃ — —õ — A — 
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upon it, multiplied by the Time that Force acts. Since ta 
BI repreſents the Force in one Caſe, and MN the Force in k 
other; and BG the Time in one Caſe, and MN the Time in t, 
other; it follows that the Velocity generated in one Caſe, is ; 
BI x BG; and in the other, as MN x MN; or fince BF add 08 
MN are equal, as the Quantities BI Xx BG and BF x BF, (or . 
BF1) which Quantities by Lemma 8. are equal to each othe;, 
The Velocity therefore the one Body acquires by deſcendin 
along BG, is equal to that which the other acquires by fallin 
through MN: But the Lines BM and GN being parallel, i; i; 
obvious there is the ſame Number of BG's in the Curve AX, , 
of MN's in the perdendicular DX; the Velocity therefore whic 
a Body would acquire by falling through one, is equal to th 
which it would acquire in falling through the other. Q. E. D. 
Demonſtration of the Propoſition. Let AXB (Fig. 5.) be th 
Cycloid the Pendulum vibrates in. Then by Lemma 2. con. 
pared with Lemma 7. we have | 
1 | The Time a Body would deſceni 
from A to X in, is to the Time: 
would move over the ſame Spa 
in with its laſt acquired Velocity, Mn 
as the Semicircumference of 


A eee reg” WIC 

By the Coroll. of Lem- Circle is to its Diameter. 5 n 
ma 6. | 2 | AX is equal to twice DX, = 
By Lemma 9g. | 3 | The Velocity a Body acquires by 


| falling from A to X, is equal 8 F. 
the Velocity it would acquire 
From the three laſt falling from D to X. F. 
compared | 4 The Time a Body would deſcend BF - 

from A to X in, is to the Time 
it would move over twice DJ 
in, with the Velocity acquired WR 
| by a Fall from D to X, as the C 
Semicircumference of a Circles Wa 
By Part I. Chap. 5. to its Diameter, 
$. 7. 5 | The Time a Body would move ore 
twice DX in, with the Velocity 
| acquired by falling from Dto% 


is equal to the Time it would | D 
Comparing the 4th and fall from D to X in. = - 
TIES 6 | The Time a Body would deſcend 


from A to M in, is to the Time 

it would fall from D to X in, à 
the Semicircumference of a Ci 
| | cle is to its Diameter. 


From 
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PROBLEM. 


9 z . — 
nale a Pendulum wibrate in a 
= given Cycloid. 


Slut. Let AXB (Fig. 5.) be the given 
A ycloid ; its Baſe AB, its Axis DX, and its 
enerating Circle DQ, as before: Produce 
FD to C, tin DC be equal to DX : Through 
RC draw the Line EF parallel to AB, and take 
E and CF, each equal to AD or DB; and 
Fon the Line CE as a Baſe, and with the gene- 
ating Circle AGE equal to DQ, deſcribe the 
Pemicycloid CTA, whoſe Vertex will there- 
Wore touch the Baſe of the given Cycloid in A. 
and on the Line CF alſo as a Baſe, deſcribe 


| rom the Figure | 7 | The Time of Deſcent from A to 
—_—_ X is half a Vibration. 
From the Solution of hh 


+ the following Pro- 

öoWdlem it will appear, | 

—_— 8 | DX is half the Length of a Pen- 
1 0 dulum, which in vibrating ſhall 
Comparing the three deſcribe the Cycloid AXB, 

; WE laſt Steps 9 The Time of half a Vibration is 


| to the Time in which a Body 
; would fall freely through half 
1 | | the Length of the Pendulum, 
, == | as the Semicircumference of a 
| 


1 Doubling the Antece- | Circle 1s to its Diameter. 
| dents of the leſt Step | 10 | The Time of an whole Vibration 
a idol is to the Time in which a Body 
4 would fall freely through half 
; p | the Length of the Pendulum, 
. as the Circumference of a Cir. 
I (lle is to its Diameter. QUE. D. 


an 


* —— — — —ä—6 — 
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an equal Semicycloid CB. On the Point ( | I 
hang the Pendulum CTP equal in Length 


the Line CX: And let the upper Part of the 
String of it, (as CT, in its preſent Situation n 


the Figure) as it vibrates this Way and tha, 


apply itſelf to the cycloidal Che CA and CB: 
Then will the Ball of it P oſcillate in the given 


Cycloid AKB. QE. F. (c). 


Lemma 6. 1 AC = 2 AE 
By the Figure (DC being equal 8 
to oY |2AE Cx 


2 
Comparing the 1| and 2d Steps | 3 | AC = CX 
By Conſtruction 4 | CTP = CX 
Comparing the 3d and 4th g LaGea= CIP 
From the 5th Step compared . 

| 6 | A= TP: 


- with the Figure 

3 0 b Len r 

cloid a emma 5. | is parallel to 

y Conſtruction | - | ; GT is parallel to AK 

From the two laſt Steps com- | | 
pared, GATE is a Paralle-jf {| - _ EYE 
logram, conſequently $ | GA=TK,andGT=3 

By Lemma ©... T «4.5.4.5 | GA=Z+iTA 

Comparing the two laſt Steps | 11 TK = + TA 

Comparing the 6th and 11th 12 TK = 1 TP 

From the 12th Step compared | | 


with the Figure 15 = Ar 
Comparing the laſt Step with | 
the Figure 14 The parallel Lines GT 
| | and PH are equall 
| diſtant from AD 
From the laſt compared with the | | 
Figure | 15 | The Arch GA = the 
| Arch DH 
Comparing the laſt with the | | 1 
Figure 16 The Chords GA and Pi 
| | are paiallel, and GE= 
HX. 


From 


(e) Draw TG and PH, each parallel to the Baſe AB; a 5 
join the Points AG and DH. Then by the Cordllary d Wl 


| | Of the Cen 
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C HAP. II. 


ter of Oſcillation and 


Percuſſion. 


3 HE Center of Oſcillation is that Point in a 

T Pendulum, in which, if the Weight of the 

ſeveral Parts thereof were collected, each Vi- 
bration would be performed in the ſame Time, 

as when thoſe Weights are ſeparate. 

= The Point or Center of Suſpenſion, is the 

Point on which the Pendulum hangs. 


1 
« * 
% 
* 
4 
* 


. From the 7th and 16th Steps | | 


A general Rule for finding the Center 0 
| Oſcillation. 


| If ſeveral Bodies be fixed to an inflexible 
Rod ſuſpended upon a Point, and each Body 


compared with the Figure 


And therefore (KD being by 


Conſtruction parallel alſo to 


8 - PH) KDHp is a Parallelo- 


® 
1 


5 
.% d 
1 


Y By Lemma 4. 


* 
W- 
4 
* 
1 
2 


# Comparing the gth and 19th 


gram, conſequently 


By the Deſcription of the Semi- 
cycloid CTA 


From the two laſt compared 


with the Figure 
Comparing the 18th and 22d 


E Comparing the 16th and 23d 
But by Lemma 4. if PH be equal to HX, P is a Point in the 
| Cycloid AXB ; the Ball of the Pendulum CTP therefore being 


| 


| 


| 


2I 


22 


23 


KP is parallel to DH 


KD = PH 
GT = the Arch AG 
AK = the Arch AG 


AKD = AGE 


KD = GE 
PH = GE 


24 ] FR = IX. 


at that Point, is in the given Cycloid. The Problem therefore 
Vas rightly ſolved. QE. D. 


be 


" 
—_ — — — 


4 
: 
| 
1 


2 


* a 4 
2 


14 ApPPNDIx to Patt J. 


be multiplied by the Square of its Diſtatic: | 


from the Point of Suſpenſion, and then each 
Body be 7 f7 by its Diſtance from the 
fame Point; and all the former Products when 
added together, be divided by the latter 
Products added together, the Quotient which 


ſhall ariſe from thence, will be the Diſtance of M8 
the Center of Oſcillation of thoſe Bodies from 


the ſaid Point. 

Thus, if CF Fig. 8. be a Rod on which 
are fixed the Bodies A, B, D, Ce. at the {- 
veral Points A, B, D, Sc. and if the Body 4 
be multiplied by the Square of the Diſtance 
CA, and B be multiplied by the Square of the 
Diſtance CB, and fo on to the reſt : And then 
if the Body A be multiplied by the Diſtance 
CA, and B be multiplied by the Diſtance CB, 
and fo on for the reſt; and if the Sum of the 
Products ariſing in the former Caſe, be divided 
by the Sum of thoſe which ariſe in the lattet, 
the Quotient will give CQ, the Diſtance of the 
Center of Oſcillation of the Bodies A, B, D, 
Fc. from the Point C (a). | 


(4) Dem. That the Proceſs may be leſs complicated, let u 
fuppoſe but two Bodies, as A and F, fixed to the Rod CF; and 
let AI and FL be the Archs which the Bodies A and F deſcribe 


when the Pendulum vibrates, and let the Pendulum be removed 


into the Situation CL. Contiguous to the Line CL draw CR; 
then may the Archs IP and LR be conſidered as Fangents # 
the Points I and L, and thoſe Tangents as inclined Planes, don 
which the Bodies I and L are to roll: Theſe Tangents being 
each perpendicular to CL, are equally inclined to the Horizon. 
the Bodies therefore will endeavour to roll down with equal Ve- 


locities ; but this they cannot do, becauſe being fixed to wy 
exi 


— 2 


WE x A is 8 325 
S. ee. 


— a— — —_—_ „ 
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gexrible Rod, they muſt deſcribe the unequal Archs IP and LR 
atze ſame Time. That is, the Body L will oblige the Body I 
= :o deſcribe a leſs Arch than it otherwiſe would have done; and 
WF the Body I will occaſion the Body L to deſcribe a larger Arch 
chan it would have done. And the Effects of the Forces by 
wich they act thus upon each other, like thoſe of Action and 
Reaction, will be equal. It remains to determine theſe Effects. 
[n order to which, parallel to LI draw MN, and let the 
equal Spaces LM and IN be thofe the Bodies would move over 
in the leaſt Time poſſible, had they been independent of each 
other. And let the Archs LR and IP be thoſe which the Bodies 
WT joined to the Rod deſcribe in the ſame Time. For the Reaſon 
WE juſt mentioned, the former of theſe, wiz. LR, will be larger, 
and the latter, viz. IP, will be leſs than LM or IN; and the 
Arch which the Center of Oſcillation deſcribes will be equal to 
WT LM or IN, becauſe the Center of Oſcillation deſcribes that 
= Arch which the Bodies would deſcribe in the ſame Time, if 
they were both together, and neither of them an Hindrance or 
WE Furtherance to the other. Conſequently the Center of Oſcilla- 
tion is at Y, where the Lines MN and PR croſs. 
Now the Motion which the Body I loſes by being retarded, * 
is its Motion over the Arch PN; and the Motion the other Body 
gains by being accelerated, is its Motion over MR: The Force 
or Moment of the firſt of theſe Motions, is the Product of the 
Body I multiplied by the Space PN; and the Force or Moment 
of the laſt is the Product of the Body L multiplied by the Space 
MR. Theſe are the Forces, Moments or Actions, which retard 
the one Body, and promote the Motion of the other. But ob- 
ſerve, that theſe Forces or Moments, in as much as they act at 
different Diſtances from the Center C, about which the Bodies 
end L, when the Pendulum ſwings, do revolve ; have each 
their Mechanical Advantage; but the one a greater than the 
other: For Inſtance, L has an Advantage which is as LC, its 
Diſtance from the Fulchrum C; and I only the Advantage IC. 
As then in determining the Effect of a Power applied to a Lever, 
ve multiply it by its Diſtance from the Fulchrum ; ſo the above- 
mentioned Forces or Moments (viz. I multiplied by PN and I. 
multiplied by MR) muſt be multiplied by their reſpective Diſ- 


BK tances from C; and then we have I multiplied by PN multi- 
521 plied by IC, and L multiplied by MR multiplied by LC for the 
un Effects, which, as Things are circumſtances, thoſe Forces or 
ing Moments have upon the Bodies I and L. But, as obſerved above, 


thoſe Effects are equal, conſequently we have for the firſt Step 
[1}I x PN 


4 
— 
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Doe Center of Percuſſion is that Point in a 5 
Pendulum, or in an inflexible Rod moving il 


| Jo {IXPNXIC=L x MR xIC 
But the Triangles PNY | ; 
and MRY are ſimilar, | 
. conſequently 2 PN: MR:: PV: RY 
Comparing the two laſt} 3 IX PY x IC x L=RY XLC 
g the Pendulum | 
in the Situation CFR, 
in which I coincides| | 
with P, and L with © Lt 
R, we have 14jP Xx PY XPC=R x RY XRC 
Or, which 1s the ſame 
thing lSIAXAQXAC=FXFQ xFc. 


That is, in Words, if one of the Bodies were multiplied by 
its Diſtance from the Center of Oſcillation, and the Produd 
ariſing from thence were multiplied by the Diſtance of the ſane 
Body from the Center of ſou ay this laſt Product would be 
equal to the Product of the other Body multiplied by its Diſtaxce 
from the Center of Oſcillation, multiplied by its Diſtance fron 
the Center of Suſpenſion. And, ſince the ſame would be tri 
if there were more Bodies, if each Body be multiplied by is 
Diſtance from the Center of Oſcillation, and that Product bythe 
Diſtance of the ſame Body from the Center of Suſpenſion, all 
the Products relating to the Bodies on one Side the Center d 
Oſcillation taken together, will be equal to all thoſe whichre- 
late to the Bodies on the other Side thereof taken together. Le 
then the Diſtances of any Number of Bodies, as A, B, D, F. 
from the Center of Suſpenſion be called a, 6b, d, Hh reſpeCtively, 
and the Diſtance of the Center of Oſcillation Q from the Center 
of Suſpenſion C, be called x : And ſuppoſe the Diſtances of the 
Bodies A, B, D, leſs than the Diſtance CQ, or x; and that d 
the Body I greater, as in the Figure ; then will the Diſtances 
of A, B % from the Center of Oſcillation be expreſſible by 
x—a, x—b, and x—4; and the ſame Diſtance of F, by f—x; nil. 
tiplying then each Body by its Diſtance from one Center, aul 
the Product ariſing therefrom by the Diſtance of the ſame Bod 
from the other Center, we ſhall have Aax— Aaa + Bx 
Bbb + Dax — Dad = F/f— F, which reduced gives # 7 


Aaa + Bbb + Dad + BF xc o 
"Aa + — he Senk 
Aa + Bb + Dd + FF. Which latter Equation is t 

of the Rule above laid down. 


"oo 
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W :oind a Point, with which, if the Pendulum 

or Rod ſtrikes againſt an Obſtacle, no Jar or 
= Shock at the Point of Suſpenſion ſhall be oc- 
caſioned thereby. | 

Thus, let CF (Fig. 8.) be an inflexible Rod, 
having the Bodies A, B, D, Sc. fixed in it 
it the Points A, B, D, &c. and let O be an 
Obſtacle againſt which, as it vibrates ot ſwings 
round the Point of Suſpenſion C, it may 
ſtrike againſt : then, if there be no Jar or 
Shock occaſioned thereby at the Point C, the 
Point that ſtrikes againſt O, (as the Point Q__ 
ſuppoſe) is called the Center of Percuſſion. 


PRO POSITION. 


The Center of Percuſſion is the ſame with 

the Center of Oſcillation; and conſequently 

may be determined by the ſame Rule (e). 
PROB, 


(e) Den. From the Definition of the Center of Percuſſion 
above laid down, it appears, that the Forces with which the 
| Bodies A, B and D, which would paſs above O, move; muſt 
be a Ceunterbalance to the Force of the Body F, which would 
| paſs below it : and that the Force of F muſt be a Counterbalance 
to them. But the Forces wherewith thoſe Bodies move, are as 
weir Maſſes multiplied by their Diſtances from C, their Velo- 
eities being as theſe Diſtances. Farther, when the Point 
comes to O, and is ſtopt there, the Bodies A, B and D, en- 
Leavouring to go on, * or bear againſt F, and F againſt 
: them; juſt as if they were fixed to a Lever, as AF, having its 
: Fulchrum at Q Conſequently the Forces of the former Bodies, 
ſo far as they act againſt the latter, are as their Diſtances from 
be Point Q; and the Force of the latter, ſo far as its acts againſt 

Vor. I. G the 


To find this, we are by the Rule above laid down 1a the Text, 


13 APPENDIx to Part I. 


PROBLEM. 


Let it be required to find the Center of 
Oſcillation, or Percuſſion of an inflexible Rod 
AB (Fig. 9. as a Bar of Iron, or the like) 
every where of equal Size, and vibrating in, 
or revolving round the Point A, as a Center of 


Suſpenſion . 


the former, is as its Diſtance alſo from Q: the abovementioned 
Forces muſt therefore be multiplied by the Diſtances of the 
Bodies from Q but the former of them, as obſerved above, h- 
lances the latter; and the latter them. So many therefore 7 
the laſt Products as relate to the Bodies above Q taken together, 
muſt be equal to that which relates to the Body (or Bodies) be- 
low it. But the like Products were equal to each other, when 
the Point Q was looked upon as the Center of Oſcillation (u 
in the 5th Step of the foregoing Proceſs) conſequently the Cen- 
ter of Percuſſion is the ſame with that of Oſcillation. Q. E. . 
{f) Slut. Imagine the Rod to be divided into the leaſt poſ- 
ſible Parts B. C, P, Cc. each of which call Oze. Theſe Parts 
we may conſider as ſo many Bodies contiguous to one another; 
ſo that the Center of Oſcillation or Percuſſion of theſe Bodies 
will be the Center of Oſcillation or Percuſſion of the whole Rod. 


to multiply each of theſe Bodies by the Square of its Diſtance 
from A. The firſt of theſe Products then will be B (or One) 
multiplied by AB ſquared ; but one multiplied by AB ſquared 
is the ſame with AB ſquared ; now AB ſquared is a ſquare Are 
or Surface, one of whoſe Sides is AB. In like manner the 
Body C, when multiplied by the Square of its Diſtance from 4, 
is a Square Area, one of whoſe Sides is AC, ſomewhat leſs than 
the former. Imagine this Area laid upon the former; and the 
next, which will be leſs ſtill, laid upon that; and ſo on till you 
come to the leaſt of all. Theſe will make a Pyramid, whole 
Baſe is the firſt Area, and its perpendicular Height wall | 
equal to the Thickneſs of them all together ; which Thickneb 


will be as the Length of the Line BA, The Value 4 


AyPpreNnDrIs to Part J. 19 


content of this Pyramid will be ABg (vix. its Baſe) multiplied 
by a third Part of AB (its perpendicular Height). In the next 
Place we are to multiply each of thoſe Bodies by its Diftance 
from A : Now the Body B (or One) multiplied by AB, give a 


Pine, as AB; ſo the Product of C, multiplied by its Diſtance 


Ac, give a Line, as AC; theſe Lines heaped one upon another 


_ 


PRO VET WS TT 


: N is, ABz x + AB, by AB * L AB, which gives 4AB 


(as the Areas were before) will make a Triangle, whoſe Baſe 
will be AB, and its perpendicular Height alſo AB ; the Value, 


or Area of which, will be AB multiplied by & AB. In the laſt 
Place, by the Rule, we are to divide the Sum of the Products in 
che firſt Caſe, by the Sum of the Products in the latter; that is, 


the Content of the Pyramid by the Area of the Triangle ; that 
; that is, 


+ AB, or two Thirds of AB: fo that the Diſtance of the Center 
of Oſcillation or Percuſſion, (as E ſuppoſe) from A the Center 
of Suſpenſion, muſt be equal to two Thirds of AB, the whole 


Lersch of the Rod. Q. E. I. 
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Natural Philoſophy. 
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PART I - 


— 


4 CHAEF. 4 

Of the Phenomena which ariſe from 
the mutual Action of the Particles 
of Fluids upon one another. 


* % 
— fl. 


1 I, TIN the former Part of this Eſſay, I have 
3 | laid down and explained the general 
: Laws of Nature, and from thence de- 
duced thoſe Phænomena, which are in a ſtrict 
and proper Senſe * denominated Mechanical - 
| I pro- 


In a larger Senſe, all the Effects and Operations of natural 
Vodies upon one another may be called Mechanical; as being 
all ſubject to the general Laws of Motion. In Hydroſtatics 
Fluids are governed by the Laws of Mechaniſm, as much as 
lie Mechanical Powers themſelves are; the ſame holds of the 
H Rays 


4 The Action of Fluids Part I. 
I] proceed now to an Explanation of ſuch, à 
Philoſophers have comprehended under th: 
Name of Hydroftatics ; the Intention of which 
is to explain the Nature of Fluids, and the 
Manner wherein they act upon one another, 
and upon Solids. | 

II. The Nature of a Fluid , as diſtinguiſh 
ed from that of a Solid, or hard Body, conſiſt 

in this, viz. that its Particles are fo looſeh i 
connected together, that they readily mot 
out of their Places, when preſſed with th 
leaſt Force ue Way more than another +. 
From whence Philoſophers conclude, that 


m 

they e: 

18 

ea 

Rays of Light, as will be ſeen when we come to Optics ; ter 
in the larger Bodics of the Planetary Syſtem, Mechaniſm equi- up 
ly prevails, as has been demonſtrated. by Sir 1/aac Neun; in. 
which we ſhall endeavour to make out when we treat of te fro. 
Phyſical Cauſe of the Motion of the Heavenly Bodies. aV 
us, 

* Some Philoſophers make the following Diſtinction in Flv but 
ids; thoſe which flow or ſpread themſelves till their Surface nn C 
become level or horizontal, they call Liquid ; in Contradiltin- Con 
tion to Flame, Smoak, Vapour, &c. which are alſo Fluids, bit fron 


do not acquire ſuch a Surface. Thoſe, which are capable dc 
exciting in us the Idea of Moiſtneſs, as Water, c. they cl Wi 
Humid, diſtinguiſhing them thereby from Air, Quickſilver, av 
melted Metals. But thoſe Diſtinctions are quite unneceſſary i 
a Philoſophical Senſe ; the Surfaces of all Fluids being level 
when not prevented by the Bodies about them; and Humidiſ 
is only a relative Quality; for tho? Quickſilver will not moiltty 


or ſtick to a Man's Hand, it will to Silver or Gold. 


+ The common Definition, Fluidum eſt cujus partes impreſjo 
cuicungue cedunt, & cedendo facillimè moventur inter ſt, thoug 
it expreſſes very well the Nature of a compre/ible Fluid, as 1 
pet does not correſpond to that of Water, whoſe Parts K 


en found to yield to no Force, with which they have py 
comprel 


W Chap. 1. among themſelwes. 5 
W they are exceedingly minute, ſmooth, and 
round *; it being otherwiſe impoſſible they 


ſhould 


compreſſed, unleſs it was greates on one Side than on the other. 
The Definition therefore ſeems imperfect, as not expreſſing that 
Inequality of Preſſure, which is requilite to move the Parts of 
ſome Fluids one among another. 


ft is commonly obſerved that the Roundneſs of the Parti- 
eles conduces very much to Pluidity, not only as it diſpoſes them 
to move one among another with greater Facility, but becauſe 
round Bodies touching one another in few Points only, the 
Force with which they mutually attract each other, is the weaker. 
But, upon this Suppoſition, the Particles of a Fluid ought to 
move with leſs Freedom one among another, by how much the 
reater the Weight is, with which they are compreſſed (for it 
is the fame Thing in this Reſpect, whether they preſs againſt 
each other by Virtue of their own Attraction, or by ſome ex- 
ternal Force) but of this we have no Experience. A Diver, 
upon plunging out of his Bell at the Bottom of the Sea, never 
a finds the Water leſs fluid, notwithſtanding the great Preſſure 
from above. Mr. Boy/e having caufed a Tadpole to be put into 
BS a cfſel of Water, and to be preſſed with a very great Force, tells 
us, that in Appearance it found no Inconvenience from thence, 
WE but ſwam about with the fame Freedom and Briſkneſs as ever. 
= Quere, Whether the Particles of which Fluids conſiſt, are in 
Contact with each other, or not? Perhaps, they are prevented 
from approaching nearer than to a certain Diſtance, by a re- 
velling Power, diffuſed around each ſingle Particle. The Ob- 
eerration, that Water is not render'd leſs fluid by Preſſure, ſeems 
V favour this Opinion; and the Property, which the Air has of 
expanding or contractin g itſelf, according to the Weight which 
i ſuſtains, (as ſhall be ſhewn, Chap. 3.) proves beyond Contra- 
Wdiftion, that its Particles are endued with ſuch a Power. But 
chen if the Particles of all Fluids have this Power, it will follow 
chat they ought to be in ſome Meafure capable of being reduced 
Into leſs Space by Preſſure, as Air is; which they have not as 
Net been ſhewn to be. Further, ſince it has been proved (Part 
. Chap. 3.) that if the Parts of Fluids are placed juſt beyond 
Weir natural Diſtances from each other, they will approach and 
un together, and if placed farther aſunder Kill, will repel each 
cher; it follows, upon the foregoing Suppoſition, that each 
H 2 Particle 


. 
2 
79 
1,9 
= 
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ſhould move with ſuch Freedom one among 


another, upon the leaſt Inequality of Preſſure, 
III. Thoſe Particles, conſidered ſeparatch, 


are endued with all the common Properti« 
of Matter, and ſubject to the fame Laws of 
Motion 


4 
\ 


Particle of a Fluid muſt be ſurrounded with three Sphere c 
Attraction and Repulſion one within another: the innermoſt 
which is a Sphere of Repulſion, which keeps them from yy. 
proaching into Contact; the next, a Sphere of Attraction d. 
fuſed around this of Repulfion, and beginning where this end, ne: 
by which the Particles are diſpoſed to run together into Drops; 
the outermoſt of all, a Sphere of Repulſion, whereby they rex! un 
each other,. when removed out of that Attraction. < "oF 
Now, if this Hypotheſis ſhould be found to be true; and e 
might, agreeably to the above-mentioned Conſequence of i, Wa 
ſuppoſe, that the Particles of all Bodies attract and repel ea 
other alternately at different Diſtances, perhaps we might k Wl 
able to ſolve a great many Phænomena relating to ſmall Bode, ll 
which now 2 the Reach of our Philoſophy. However, 
upon the Suppoſition of the three Spheres of Attraction and e 
pulſion juſt mentioned, nothing is more eaſy, than to ſee hu 
Solids may be converted into Fluids, and Fluids into Solids fh 
is done in Liquefaction and Freezing ;) for allowing, that t WB 
firſt or innermoſt Sphere of Repulſion is capable, like that" BB 
the Particles of Air, of being augmented by Heat, and dn Wa 
niſhed or totally ſuſpended by Cold, it follows, that Bodies nu 
be more or leſs fluid, in Proportion to the Degree in whid 1 
they are affected by Heat or Cold: for when the Action of 
firſt Sphere of Repulſion is diminiſhed or deſtroyed by Cold u 
Particles of the Fluid muſt neceſſarily be brought into clo WR 
Contact with each other by the Force of che circumambia 
Attractions, and by that means conſtitute an harder Body u 
before. But, we muſt not dwell too much upon an Hy potaes 
which wants Proof; I ſhall only add, that altho' ſome} lui 
as Water, have not been as yet contracted in their Dimenio 
or made to take up leſs Space than they naturally do, / 
Force with which they have been compreſſed by A; Jet 19 


are none but are xaturally contracted by Cold; from * for 
ſeems reaſonable to infer, that their Particles are at leaf . wh 
of being brought into cloſer Contact, which is ſome Co bee 


mation of this Doctrine. 
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Motion and Gravitation with larger Bodies. To 


3 1 enquire therefore into the Nature of Fluids, is 


to conſider, what Appearances a Collection of 


very ſmall round Bodies, ſubject to thoſe Laws, 


will exhibit under different Circumſtances. In 


order to which, it is uſual with Hydroſtatical 


Writers to conſider a Fluid, as divided into ſe- 


veral perpendicular Columns contiguous to each 


other. Sometimes it is convenient to conceive 
it divided into thin Plates or Strata lying upon 


2 one another. In ſome Caſes, the ſame Fluid 
is conſidered, as diſtinguiſhed both theſe Ways, 


dig. into perpendicular Columns, and alſo into 
thin Strata or Plates. Figure 1. repreſents a 


Veſſel filled with a Fluid to the Height E F, 
and divided into the Columns GH, I K, LM, 
Ce. and allo into the Strata RS, TV, X V, 
ee. 


IV. From this Obſervation, concerning the 


Properties of the Particles conſidered ſeparate- 


„hy. immediately reſults the following Propo- 
tion, v/2. that in a Veſſel, whoſe Form is 


ſuch as repreſented by ABCD, (Fg. 1.) the 
WE Quantity of Preſſure, which each Stratum ſuſ- 
a tains from the Weight of the incumbent 
þ Fluid, 1s in Proportion to the Number of thoſe 


It is an obvious Objection to this, that Water by freezing is 


W *vgmented in its Bulk; but this may be owing to thoſe Bub- 
| bles or Vacuities, obſervable in the Water after it is frozen, 
vhich were not in it before; and not to any general and uni- 
borm Removal of the Particles of the Fluid from each other, 
WE hich the Objection, if it is of any Force againſt what has 
Ven advanced, mult ſuppoſe. 


4 Strata, 
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Strata, which reſt upon it, that is, as the Height Wi 
of the Surface of the Fluid above it; for 1 9 
we ſuppole the Strata of equal Thickneſs, the 
Quantity ſuſtained is proportionable to the 
Number of Strata of which it conſiſts. E | 
V. When the Surface of a Fluid is horizon. 
tal or level, each Particle thereof is diſpoſed to YR 
continue in its Place, being ſuſtained therein 
by the contiguous ones. 3 
Let the Fluid be ſuppoſed to be divided Bi 
into Strata, each of the Thickneſs of a Parti 
cle of the Fluid; and if the Truth of this 
Propoſition be denied, let the Particle mn b 
one of thoſe which is not ſuſtained in it 
Place by the contiguous ones, but is moving 
from thence towards ſome other Part of the iſ 
Veſſel, v. g. towards D. Now, fince all the 
other Particles of that Stratum are at an equal 
Depth below the Surface of the Fluid with 
this, they alſo ſuſtain an equal Degree of Prel- 
fure (by the laſt Propoſition, ) conſequently to 
the ſame Reaſon that one of them is moving 
towards D, the reſt may all be faid to be 
moving in the ſame Direction: but this can- 
not be true of the whole Stratum, while the 
Veſſel is entire, and therefore of none of it 
Parts. Now, the like Reaſoning will hold 
againſt the Motion of the Particle m n toward 
any other Part of the Veſſel; from whence i 
follows, that each Particle of the Fluid | 
tufta nad in its Place by the contiguous im 
an 


1 tb r 1 * * 


— 
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and therefore diſpoſed to continue at Reſt “. 

VI. From hence is derived a fundamental 
Propoſition in Hydroſtatics, viz.” That when 
the Surface of a Fluid is level, whatever Preſ- 
ſure any fingle Particles or ſmall Portion of it 
ſuſtains from the contiguous ones on one 
Part, it ſuſtains the ſame on all the reſt; that 
is, it is preſſed by them with an equal Degree 
of Force on all Sides F. 

= For, by the Definition of the Fluid (F. 2.) 
each Particle is diſpoſed to give Way, and move 
cout of its Place, when the Preſſure is not equal 
on all Sides; and (F. 5.) each Particle is preſſed 
by the contiguous ones in ſuch a Manner, that 
it is ſaſtained in its Place thereby; it is there- 
fore preſſed with an equal Degree of Force on 
all Sides. 21 

Corol. From hence it follows, that each 
Particle or ſmall Portion of a Fluid preſſes 
with the ſame Degree of Force in all Direc- 
tions on thoſe which are contiguous to it. 


For, by the third Law of Nature, every Par- 


; * This ſhews us the Abſurdity of ſome Philoſophers, who 
= make the Nature of a Fluid, as contradiſtinguiſhed from that 
WB of a Solid, to conſiſt ſolely in the inteſtine Motion of its Particles. 


+ This Propoſition, with its Corollary, is not ſtrictly ſpeaking 
true, unleſs the Particle or Portion of Fluid we ſpeak of is ſup- 
poſed void of Gravity, for it preſſes downwards with a Force 
equal to the Weight of thoſe Particles which reſt upon it, ad- 
ded to its own ; whereas the Force with which it preſſes up- 
wards is only equal to the Weight it ſuſtains, viz. that of the 
incumbent Fluid. But the Particles of Fluids are ſo exceedingly 
minute, and the Gravity of each ſo very ſmall, that the Error 
ariſing from hence is inſenſible. 


H 4 ticle 
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ticle preſſes upon the contiguous ones with tie 
ſame Degree of Force, with which it is preſſe4 
upon by them. =. 
VII. The Surface of a Fluid becomes level 
by its own Gravity, when no external Force 
prevents it being ſo. A 
For, the Particles of Fluids preſs in all Di. 
rections with Forces proportionable to the 
Height of their Surfaces (Cor. F. 6. and \. 4.) Wi: 
If then the Surface be not level, the different 2 
Parts of the ſame inferior Stratum will be pref. d 
ſed not only downwards, but ſide ways againt o 
each other with unequal Forces; the greater 
Preſſure therefore overcoming the weaker, the 
Particles which ſuſtain the leaſt Preſſure, wil 
be driven out of their Places, and raiſed up til 
the Surface becomes level ; the Surface beinz 
level, each Particle will be equally preſſed in 
every Direction, (F. 8.) all therefore will te- 
main at Reſt, and the Surface continue in that 

State *. 1 „ | 
VIII 


* This Demonſtration, and alſo both the foregoing, ar 
founded upon a Suppoſition, that Bodies tend downwards by 
their Gravity in Lines parallel to each other, which thoug) 


phykco?ly true, is not ſtrictly ſo, their Tendency being towards be 
the Center of the Earth, and conſequently in Lines which meet BF M. 
in a Point: and therefore, if we would be accurate, the Fluid WWW Bu 
contained in a Veſſel ſhould be conſidered, as divided into C RF Ma 
lumns and Strata, as repreſented Figure the ſecond, where ABD WF Ma 
is the Earth, C its Center, EFG H a Fluid contained in a Vel- | fro: 
ſel, and divided into Columns, which if continued down t * 
the Center of the Earth, would there terminate in a Point C. whe 
and into the concentric Strata, a 5, cd, &c. having the Center its 


of the Earth for the Center of their Convexity. And _ by 
, * ” a 0 


n 
1 
* 


WChap. 1. among themſelves. IT 
Vill. Fluids gravitate in Fluids of the ſame 
1 * Propoſition is a neceſſary Conſequence 
of what has been obſerved about the Nature 
oft the Particles of which Fluids conſiſt, v7z. 
that they are ſolid, and endued with the ſame 
4 Properties with other Bodies. The Reaſon 
hy their Gravity is not ſenſible in the Fluid, 
Wis becauſe the lower Parts ſuſtain the upper, 
and hinder them from deſcending. But, it 
W docs not follow from thence, that the Gravity 
Jof the uppermoſt 1s entirely taken away, as 
E ſome * Philoſophers have imagined; for, as 


WE hould find that the Particles of the Fluid will not be in Zqui- 
= librio with each other, till all the Parts of its Surface are at 
equal Diſtances from the Center of the Earth, forming thereby 

me Surface EF, concentric to that of the Earth. For, ſup- 
ET poſing the Fluid EF GH continued down to C, fo as to fill the 
BE Space ECF; it is evident the Columns, into which the Fluid is 

divided, cannot be of equal Lengths, and therefore cannot be of 

an exact Counterpoiſe to each other, unleſs the Surface EF js a 
portion of a Sphere, whoſe Center is C: but the Action of the 
Parts of the Fluid upon each other at the Surface, is the ſame, 

whether the lower Part GCH bea Fluid, or not. Conſequently 
we Surfaces of Fluids are not level or plain, but convex, having 
W the Center of the Earth for the Center of their Convexity. 


W Farth's Center, approaches ſo near to a Plane, that in ſmall 
W Portions of it, the Difference is not ſenſible, and therefore ma 
be neglected: but at Sea, tis evident to Senſe ; for when the 
Mariners put to Sea, the Shore firſt diſappears, then the lower 
Buildings, afterwards the Towers, Mountains, Sc. in like 
. Manner, when they approach a diſtant Ship, the Top of Its 
= Maſt and Sails appear firſt, while the Ship itſelf is intercepted 
from their View, by the Convexity of the Water between them. 

* This was the Notion of the Carteſfans, who held, that 
when a Fluid is mixed with another of the ſame Kind, it loſes 
us own Weight thereby, 


much 


This Convexity, by Reaſon of the great Diſtance of the 


—— —ü—e—— — 


* 
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much as the lower Parts preſs againſt the uppe 
in ſuſtaining them ; juſt fo much do the uppe 
by their Re- action preſs upon the lower. Thu, 


the Weight of the whole Fluid is communi. 1 


cated to the Veſſel, which therefore Weigh 0 4 


according to the Quantity it contains, notwith. ; R 
ſtanding the Prefſurc of each Portion of th: 


— 


Fluid, taken ſeparately, ſeems not to affeꝙ i. 
IX. The Preſſure of a Fluid is in Proporta 
to its perpendicular Height, and the Quantiy 
of Surface againſt which it preſſes. | 

This Propoſition admits of four Caſes. 

1. When the Fluid is contained in a Veſt 
of the fame Dimenſions, from Top to Bottom, 
and held in an erect Poſition, as that repreſented 
Fig. 1. it is evident, the Preſſute of the Flud 
upon the Bottom will be in Proportion to ig 
Magnitude, and the perpendicular Height of 
the Surface of the Fluid above it. For, con- 
ceiving it divided into Columns, the Preffure 
upon the Bottom, by the fourth Propoſition, 
will be as the Length or Height of the C6 
lumns: and it will alſo be as the Number df 
them, becauſe the Quantity of Fluid, which 
preſſes upon the Bottom, is in that Proportion, 
that is, as the Magnitude of the Bottom preſſed 
upon. But when the Veſſel is inclined or If 

cgular, the Truth of this Propoſition is ſo fat 
from being evident, that it has been common) 
gooked upon as a Paradox. 


2. Let 
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2. Let the Veſſel ABCD (Fig. 3.) be filled 
with a Fluid to the Height EF, and held in an 
inclined Poſition, as there repreſented ; I ſay, the 
Preſſure of the Fluid is proportionable to the Mag- 
nitude of the Baſe CD, and FG or HD the per- 
pendicular Height of the Surface of the Fluid 
above it. | | 

For ſuppoſing the Fluid divided into the Strata 
EI, KM, LO, Sc. fo far, as the firſt Stratum 
E I is prevented from preſſing upon K I the Sur- 
face of the next inferior Stratum, by being in ſome 
Meaſure ſupported by the Side of the Veſſel F I, 
ſo far is its Prefſure augmented by the Re- action 
of the oppoſite Side E K upon it, which is exactly 
equal to the Action of the former, becauſe the 
Fluid preſſing every Way alike, at the ſame Depths 
below the Surface, exerts an equal Force againſt 
both theſe Sides. The Surface therefore of the ſe- 
cond Stratum is preſſed with the ſame Degree of 
Force with which it would be, if the Quantity of 
Fluid contained in the former Stratum was included 
within the Space HK QI, which is exactly equal 
to it, as having the ſame Baſe K I, and the ſame 
perpendicular Height QI *. Now, this being 
true of each Stratum, their Preſſure upon CD the 
Baſe of the Veſſel is the ſame, as if they were all 
175 perpendicularly over it, and filled the Space 

HCD; which they would do, ſince the Sum of 
perpendicular Height QI, KS, LT and NV, 
are equal to H D the perpendicular Height of this 
Space, and each of their Bafes KI, L M, Sc. is 
equal to CD its Baſe +. But, by the foregoing 
Caſe, if the Space RHCD was filled with a 


” 23 36 dh. + 31 KE. 14. 
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Fluid, the Preſſure of it would be proportionable 
to the Dimenſions of the Baſe. CD, and the per- 
pendicular Height D H, therefore it is the ſame 
in the inclined Tube ABCD |. 

3. Let the Veſſel ABC be irregular, as repre- 
ſented Figure the fourth, and filled with Fluid to 
the Height D, I ſay, the Preſſure of the Fluid up- 
on the Baſe C, is proportionable to the Magnitude 
of the Baſe, and CD the perpendicular Height 
of the Surface of the Fluid above. 


1] Otherwiſe thus: Through any Part of the Tube ABCD 
draw the horizontal Line XZ, and let à and 6 repreſent two 
Particles of the Fluid in the horizontal Plane 6 a; then, fince 
all the Particles in this Plane are preſſed every Way alike by 
the incumbent Fluid (for if they were not, they would not 
continue at Reſt) it follows, that the Force with which 5 
is made to preſs towards X, is equal to that with which 
a is made to preſs towards Z. Let the former of theſe Forces 
be denoted by 4F, and the latter by a 7 whence we have 
6 f equal to a g. Reſolve the former of theſe into Fd and 
4 b; the latter into ge and ca; (viz. 9.5 and ge perpen- 
dicular te the Sides of the Tube, and the other 46 and a 
parallel to them) then the Lines f and ag being equal to 
each other, and the Triangles /d and à ge ſimilar, db is 
equal to ca, and Af to cg: But 46 * Pp act in Direc- 
tions oppoſite to each other, they therefore deſtroy each other; 
the other Forces 4f and cg act alſo in contrary Directions, 
and being equal, they alſo deſtroy each other. 'Thus the Ac- 
tion of the Fluid upon the Tube, as to Preſſure upon the Baſe, 
is totally deſtroyed; and conſequently Action and Reaction 
being always equal, that of the Tube upon the Fluid is ſo too: 
And therefore the Fluid ABCD is in the ſame State, as to its 
Preſſure upon the Baſe, as if the Tube was away, and the 
Fluid retained its Form. Suppoſe it ſo; then it is obvious, 
the Preſſare of the Fluid will fall wholly upon the Baſe DC: 
But that Preſſure will be entirely as the Quantity of Matter 
the Fluid contains; which Quantity is as its Baſe CD, and 
perpendicular Height D H ; its Preſſure therefore upon the 
Baſe is ſo too: And the Preſſure of the Fluid HR CD is alſo 
as the ſame Baſe CD, and the perpendicular Height D H. 
The Preſſure therefore in each Tube is the ſame, 2. E. * 

n 


hap. 1. among themſelves, 1 5 


In order that the Proof of this Propoſition 


ay be the better underſtood, we muſt pre- 


mile the following Lemma, viz. 

That when a Fluid paſſes through a Pipe, 
as AB, (Fig. 5.) which in ſome Parts is larger 
than in others, the Moment, or Force with 
which is moves, is every where the ſame. For 


while the Fluid is paſſing through the Tube, 


f W its Velocity in every Part will be reciprocally 


as the Quantity of Matter ; for Inſtance, it will 
be as much greater at C, than it is at D, as 


the Quantity paſſing through C at any Inſtant 


of Time, is leſs than at D, and ſo of the reſt ; 
becauſe a leſs Quantity would be conveyed 
through the ſmaller Parts of the Tube in the 
W {ame Time, unleſs it ſhould move faſter there 
in Proportion to the Smallneſs of them. Now 
the Momentum of Bodies is partly owing to 
the Quantity of Matter, and partly to the Ve- 
locity ; (as explained Part I. Chap. . F. 1.) 
conſequently what the Fluid, which is actually 
paſſing through the narrower Parts of the 


Tube, wants in Quantity, is compenſated by 


its Velocity in thoſe Parts, and what it wants 


in Point of Velocity in the other Parts, is made 
up by the Quantity paſſing through them; ſo 
that the Moment is the ſame in every, Part of 
the Tube, whether larger or narrower *. The 


fame is true, whatever be the Poſition the Tube 
held in, +... Let 


Thus, we may obſerve in a River or Canal, that by how 
much the Breadth or Depth is leſs in any Part, ſo much the 


more 
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Veſſel ABC (Fig. 4.) to be diſtinguiſhed in. 


to the Strata EF, GH, IK, Sc. Let us als 5 


3 
3/3 
. 


ES” 
2 
» A 
* 

* 
_—Y 

» 


3 


as » 


Let us now conceive the Fluid in th: 


+, 4 
% . 
\ * 
1 

» IC 
3 


25 


imagine the Bottom of the Veſſel C to be 


moveable, that is, capable of ſliding up and 8 


down the narrow Part of the Veſſel, v. g 33 
from C to GH, (without letting any of the 


Fluid run out.) Let it further be ſuppoſe A 
that this moveable Bottom, is drawn up or lt 
down with a given Velocity, while the Ve. 


ſel itſelf is fixed and immoveable ; it is evi: 
dent the lowermoſt Stratum, which is conti- 
guous to the Bottom, will be raiſed or let 
down with the ſame Velocity, and will there- 
by have a Moment proportionable to that 
Velocity, and the Quantity of Matter it con- 
tains: But by the Lemma, all the reſt of the 
Strata will have the ſame Moment, conſe- 
quently the Moment of all taken together, 
(that is, of the whole Fluid,) is the fame, 2 
if the Veſſel had been no larger in any one 
Part, than it is at the Bottom, (for then the 
Moment of each Stratum would alſo have 
been as great as that of the lowermoſt ;) the 
Preſſure therefore, or Action of the Fluid, 
with which it endeavours to force the Bot- 
tom out of its Place, is as the Number of 
Strata, that is, the perpendicular Height of the 


more rapid is the Stream in that Part; and on the contrary, 

where it is wider and deeper, the Motion of the Water is more 
ntle and languid. So that the Moment, with which it flows, 

is the ſame in every Part, : 
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id, and the Magnitude of the lowermoſt 
tratum, that is, the Bottom. 

Again, ſuppoſe the Veſſel ABC (Fig. 6.) 
ald with a Fluid to D; I ſay the Preſſure up- 
oa the Bottom BC, is proportionable to the 
= Dimenſions of the Bottom, and to DE the 
perpendicular Height of tne Fluid. 

For, if we ſuppole the Bottom moveable, 
as before, and raiſed up or let down with a 
given Velocity, the Moment of every Stratum. 
vill be the ſame with that of the lowermoſt, 
W by the Lemma ; therefore the Moment of all 
W taken together, is the ſame, as if the Veſſel 
bad been no leſs in any one Part, than it is at. 
the Bottom; conſequently the Preſſure is pro- 
portionable to the perpendicular Height, and 
me Magnitude of the Bottom. This Cale is 
che Converſe of the former *. 


ef * 5 
* ox * 
| by 
hae 
1 
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From 


* Upon this is founded the Practice of conveying Water 
through Pipes from Place to Place, c. For from hence it fol- 
$ lows, that if one End of a Pipe is laid in a Reſervoir of Wa- 
ter, the Fluid will run iuto the Pipe, till it riſes to a Level at 
the other End with its Surface in the Reſervoir. Thus let. 
ABC (Fig. 8.) repreſent a Refervoir or Baſon of Water, DGE 
a Pipe laid from thence to E. If E the End of the Pipe is pla- 
ced above the Line AB F, the Level of the Water in the Reſer- 
voir, the Water will run into the Pipe, till it riſes in the 
other End to F the Level with AB; at which Time the Water 
in the Pipe will be in Zquilibrio with that in the Reſervoir, 
and remain at Reſt. But if the End of the Pipe is below the 
Surface of the Water in the Reſervoir, it will continue to run 
aut, till they. are reduced to a Level. For, let G H be the low- 
eſt Part of the Pipe, then ſince F the perpendicular Height of 
the Fluid on one Side, is equal to B the perpendicular Height 
of the Fluid on the other, and G H, which (being the Place 


where 


* - 
—— — 


ſel been IK FG (which is every where of te 1 


as a Baſe to both, is common; it follows from this Propoſition, 


__ ” 
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From hence it follows, that, if a Veſſa g 
made of ſuch a Form, as is repreſented (. 
by ABCDEFG, and filled with a Fluid 
the Height C, the Weight which the Bom 
ſuſtains, is as great as it would be, had the 


4 "Woe: þ , * 


ſame Dimenſions, that the other is of at te 
Bottom) and filled to the Top IK. Becauſe 
the Preſſure, by the Propoſition, is proportion. 

able to the Bottom and perpendicular Height, Wl 
which in both Caſes are the ſame *. | 


X. Th 


where the Fluids preſs one againſt another) may be conſider! 


that the Preſſures on each Side are exactly equal; and therefor: 
being in contrary Directions will neceſſarily deſtroy each other, 
and the Fluid will remain in ÆEquilibrio. But while the End 
E is below the Level, this Equilibrium cannot be obtained; 
and therefore the Fluid will continue to run out. 

For the ſame Reaſon, when two or more Tubes communicate 
with each other, the Surface of the Fluid they contain will ſtand 
at the ſame Level in all. ; 

* The Reaſon why the Veſſel ABCDEFG, within the Flu 
contained in it, does not weigh ſo much, as the Veſſel IK G, 
when full to the ſame Height, notwithſtanding the Preſſure up- 
on the Bottom is the ſame in both, is, becauſe ABD E the up 
per Part, or Cover of the former Veſſel, is preſſed upwards by 
the Fluid below it, with a Force equal to the Endeavour tbe 
Fluid in the ſmall Tube BCD has to deſcend. Which Ende 
vour is the ſame that it would be, if the Tube B CD compte. 
hended alſo the two Spaces ICB A and CK E D, its Moment 
being the ſame in both Caſes by the Demonſtration ; the Core 
therefore is preſſed upwards with a Force equal to the Weight 
of as much Fluid as would fill the two Spaces IC B A @ 
CKED; conſequently the Veſſel, whoſe Form 1s ABCDEFG, 
is ſo much lighter than the other, that is, as much as the Flu 
it contains is leſs, 


From 
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X. The Velocity with which a Fluid ſpouts 
out at an Hole in the Bottom of a Veſſel, is 
equal to that which a Body would acquire by 
falling freely from the Level of the Surface of 
W the Fluid to the Hole. 
Let there be a large cylindrical Tube 
ABCD (Fig. .) in the upper Part of which 
let us imagine a Cylinder of Ice FGHI ex- 
WE atly fitting it; let it further be ſuppoſed, that 
Hl, the lower Surface of the Ice, is continually 
melting, ſo as to afford a Stream of Water 
running down the Middle of the Tube. Now 
the Form of this Stream of Water will ne- 
| ceflarily be ſuch as is repreſented in the Fi- 
We cure by HLI; for the Water falling freely, 
| will deſcend faſter and faſter like other Bodies, 
© cauſing thereby the Stream to become nar- 
W rower and narrower. Now let it be ſuppoſed 
that the Tube has a Bottom, as CD, with 
an Hole in it at K, juſt ſufficient to let the 


Stream paſs freely; it is evident there will be 
uw WE no Obſtruction on this Account, but that the 
6, 

From hence ariſes this Paradox, that the leaſt Quantity of 
Fi | _ may be made to raiſe any Weight, how great ſoever it 
» de. 

the For ſince the Cover A EP E is preſſed upwards with a Force 
des equal to the Weight of as much Fluid, as would fill the two 
pte. Spaces ICBA and CKED, and thoſe Spaces may be enlarged 
ment at Pleaſure in Height, by lengthening the Tube BCD (which 
*= at the ſame Time muſt be made proportionably ſmaller, other- 
ap wiſe the ſame Quantity of Fluid will not fill it;) it follows, 
10 that the ſame Quantity of Fluid may be made to preſs the Co- 
- 10 ver upwards with a given Force; if that Cover then is made 


| 3 any Weight that is laid upon it may be ſupported 
ereby. ; 
I Fluid 


* - Py 
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Fluid will paſs through the Hole with ſuch Ve. 
locity, as it naturally acquires by falling fron 
H 1, the lower Surface of the Ice. And if w 
ſuppoſe M and N, the empty Parts of th i 
Tube, to be filled with Water, the Water wil | 
preſs equally upon the Sides of the Stream u 
every Direction (S. 6.) and therefore will ben 
Impediment to its Motion on that Account 
Laſtly, let us ſuppoſe the Ice taken away, an 


the Stream ſupplied from the Water at the Side, 


as is the Caſe when a Fluid runs out througi 


the Bottom of a Veſſel; then will the Velociy, 
with which the Water flows through the Hol, 
continue the ſame; for fo far as the Water com- 
ing from the Sides, endeavours to deſcend itſch 
fo far it obſtructs the Deſcent of the Stream, 
and no farther ; and conſequently cauſes no Al 
teration in the Velocity or Quantity of Flui 
running out. The Velocity, therefore, vit 
which the Fluid paſſes through the Hole, 
equal to that, which a Body would acquire h 


falling freely from the Level of the Surfaced ö 


the Fluid to that Place. 

If the Hole is made in the Side of the Veſſ 
at the ſame Diſtance below the Surface, the 
Velocity will be the ſame, on Account of that 
equal Tendency Fluids have to move ev 
Way alike *. | 
XI. Tit 


Upon this Principle is founded the Practice of making 
artificial Fountains, For if to a Veſſel or Reſervoir A 1 7 
(Fig. 10.) filled with a Fluid to the Height E F, be fue . 
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Chap. I, among themſetves. 2I 
XI. The Velocity with which a Fluid ſpouts 
out from the Bottom or Side of a Veſſel, is as 
the Square Root of the Height of its Surface 
above the Hole. | 
The Cauſe why a Fluid ſpouts out through 
an Hole made in the Bottom or Side of a Veſ- 
= 1, is the Preſſure or Weight of the Fluid in- 
cumbent upon the Hole; from whence it 
ſhould ſeem, that the Velocity ought to be 
as the Preſſure; but if ſo, then the Quantity 


Pipe CH, with a ſmall Aperture at K, the Fluid will ſpout up 
from thence to FL, the Level of the Surface of the Fluid in 
the Veſſel. For, by this Propoſition, it will ſpout from K with 
ſuch a Velocity, as a Body would acquire by falling from F L, 
the Level of the Surface, to the Aperture at K ; that 1s, ſuch as 
will carry it from the Aperture to the Level ; becauſe that Ve- 
locity which a Body acquires by falling from a certain Height, 
is -_ to carry it back to the ſame Height from whence 
it fell, 

But in Practice the Height the Fluid riſes to, is leſs than that 
of the Level of its Surface in the Reſervoir : This is owing to the 


\k Reſiſtance it meets with from the Air, its Friction againſt the 
br Sides of the Pipe, &c. It is found impoſſible to make it much 
1 exceed the Height of an hundred Feet: For, when it ſpouts 
ed ont of the Aperture with a Velocity neceſſary to carry it higher, 


the Stream is immediately daſhed to Pieces by the Refiſtance 
G of the Air ; whereby it loſes its Force, and is prevented from 
ning to any conſiderable Height. 

* This Propoſition may be otherwiſe demonſtrated from the 
lad, in the following Manner: For, fince the Velocity with 
which a Fluid ſpouts out through an Hole in the Bottom or 

Side of a Veſſel, is equal to that which a Body would acquire 
by falling from the Level of the Surface of the Fluid to the 
| Hole, and the Velocities Bodies acquire by falling, are as the 
Square Roots of the Heights they fall from (Part I. Chap. 5. 
9. 5.) it follows, that the Velocity with which a Fluid ſpouts 
out from an Hole in the Bottom or Side of a Veſſel, is as the 


Square Root of the Height of the Level of the Surface of the 
Fluid above the Hole. 


I 2 run 


22 The Action of Fluids Part Il. 
run out would alſo be as the Preſſure (for, the 
faſter the Liquor flows, the greater is the Quan. 
tity thrown out in a given Time, and vi! 
vers4) conſequently, upon this Suppoſition ve] 
ſhould have two Effects, each depending on 
the ſame Cauſe and equal to it, which is ab. 
ſurd. Tis not then the Quantity of Fluid run 
out, nor the Velocity with which it flows, but 
its Moment, or both theſe multiplied together, 
(Part I. Ch. g. F. 1.) that is the true and ade- 
quate Effect of the Preſſure. Now theſe be. 
ing ever in the ſame Ratio with each other, 'ti 
neceſſary, in order that the Effect may be pro- Wi 
portionable to its Cauſe, that each of them be 
only as the ſquare Root of the Preſſure: For 
t. n, being multiplied together, their Produd, 
or the Moment of the ſpouting Fluid, 1s ade- 
quately as the Preſſure which occaſions it; but 
the Preſſure is as the perpendicular Height 
(F. 4.) therefore the Velocity, and alſo the 
Quantity of i'luid ſpouting out, is only as tle 
ſquare Root of the Height of its Surface abort 
the Hole. 

To give an Inſtance or two: Suppoſe tw 
Holes made in the Side of a Veſſel, the one u 
Inch below the Surface of the Fluid it contain 
the other four Inches; the Velocity with which 
the Liquor flows out of the lower Hole, will 
not be four Times as great, as that with whit 
it flows through the upper, notwithſtanding 
the Preſſute is four Times greater: For if it 


ſhould, the Quantity run out in a given T 1 
Woll 
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would alſo be four Times greater, conſequently 
the Effect produced would be ſixteen Times 
greater than it is at the upper Hole, that is, four 
Times greater than the Cauſe; which is ab- 
ſurd. Whereas the Velocity and Quantity of 
Matter will each be only twice as great as they 
are above, producing thereby a Force or Mo- 
ment only four Times as great, which is pro- 
portionable to the Cauſe. So, if an Hole were 
made fixteen Times lower than the firſt, the 
Velocity and Quantity of Matter will not be 
each fixtcen Times greater than at the other, 

but only four Times greater a- piece, and ſo the 
Moment ſixteen Times greater, as the Preſſure 


i is T. 
: 5 XII. When 


= + From hence we may ſee the Error fome of the foreign 
= Mathematicians have fallen into, with Regard to the Forces 
of moving Bodies, who contend that they are as the Squares 
of the Velocities multiplied by the Quantities of Matter. 
For, from this Propoſition it is, that one of the principal Ar- 
W guments brought in Favour of this Opinion is derived. They 
W argue thus: Zfe&s are ever proportionable to their Canſes, 
the Prgſure of the incumbent Fluid is the Cauſe of its ſpout- 
ing out, the Force with which it ſpouts out, is the Eyect; 
but by this Propoſition the Preſure is as the Square of the 
Veloci it flows with, therefore the Force is likewiſe as the 
Suare of the Velocity. True, it is fo, but let us ſee the Con- 
ſequence, The Force, with which the Fluid ſpouts out, is 
not only owing to the Velocity, but alſo to the Quantity run out 
in 2 given Time. They have each their Share in producing 
tae Force, conſequently the Force is in a Ratio compound- 
[ed of both, or as the Product of one multiplied by the 
ther, or, which comes to the ſame Thing (ſince as was 
obſerved before, they are in the ſame Ratio with each other) 
as the Square of either of them. From hence it is that the 
Time korces of Fluids in Motion are ſaid to be as the Squares 
of their Velocities; not that they are ſo in Virtue of thoſe 
14 | Velociuics 
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XII. When a Current of Water, or other 
Fluid, falls perpendicularly upon the Surface of 
a Plane, or flows againſt it (as the Wind againſt 
the Sail of a Ship, or the like) the Force which 
the Fluid exerts upon it, is equal to the Weight 
of a Column of the ſame Fluid, whoſe Baſle is 
equal to the Plane, and its Height ſuch, that 
Body falling freely through it, would acquire: 
Degree of Velocity equal to that with which 
the Fluid moves sk. | 

In order to demonſtrate this Propoſition, 
let us ſuppoſe the Veſſel AB CD (Fig. 11.) 
filled with a Fluid, and having a large Hole 
E F in the Bottom, then will the Preſſure of 
the Fluid cauſe a Stream to flow out, which 
in the Hole itſelf will have ſuch a Degree 
of Velocity, as a Body would acquire by fal- 
ing freely from the Surface of the Fluid in 
the Veſſel to the Hole (as demonſtrated 5. 10.) 


Velocities, as ſuch, but in Virtue of them, and the Quantities 
of Matter taken together, or becauſe the Squares of the Velo. 
cities is the ſame Thing with the ſimple Velocities multiplied 
by the Quantities of Matter. Therefore when it is ſaid, the 
Forces of Fluids are as the' Squares of the Velocities, that Part 
of the Force which ariſes from the Quantity of Matter is really 
taken into Conſideration. How ridiculous then muſt it be i 
thoſe Gentlemen, to fetch an Argument from hence to probe, 
that the Forces of Bodies in Motion are as the Squares of the 
Velocities and Quantities of Matter too, when they are as! 
Squares of the Velocities, only becauſe the Quantities of Mit 
ter are implied in them. | N 
From this Propoſition is deduced the Method of computing 
the Power of a Mechine, which is to be moved by Wind 
Water, &c. See an Inſtance of ſuch a Calculation in the Me- 
moirs of the Royal Academy of Sciences for the Year 1723. 
If ; i | X (ISS | 9 
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nn the Midſt of this Hole, and conſequently in 
me Stream, let us ſuppoſe a Plane as PQ tuf- 
— pended, but ſomewhat leſs than is ſufficient to 
fill the Hole, let it ſtop the Current of the Wa- 
ter. Now, tis certain, this Plane ſupports a 
Column of the Fluid, equal to that which preſſes 
upon any other Part of the Bottom of the Veſſel 
of equal Dimenſions with itſelf (for being thus 
placed it may be looked upon as a Part of the 
Bottom). but every Part bears a Column, whoſe 
Baſe is equal to its own Dimenſions, and its 
Height the ſame with that of the Surface of 
the Fluid in the Veſſel: Conſequently this Plane 
& ſupports ſuch a Column, that is, it is reſiſted by 
the Stream with a Force equal to the Weight of 
a Column, whoſe Baſe has the ſame Dimen- 
ſions with itſelf, and whoſe Height is equal to 
that of the Surface of the Fluid in the Veſſel ; 
that is, ſuch an Height as a Body by falling 
freely from, would acquire a Velocity equal to 
that with which the Fluid moves. 
XIII. The Preſſure of a Fluid againſt a per- 
pendicular Bank or Sluice, &c. is equal to the 
Weight of a Column of the ſame Fluid, whoſe 
| Baſe is equal to ſo much of the Bank as is be- 
low the Surface of the Fluid, and whoſe Height 
is equal to Half the Depth of the Fluid +. 

| It 


From hence we ſee the Reaſon, why the Water of the Sea 
or great Lakes is as eafily kept within their Banks (ſetting 
alide the Force which arifes from the Motion of the Waves, 


I 4 Oc.) 
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If the Preſſure upon every Part of the Bank 
from the Surface to the Bottom, was as prext 
as it is at the Bottom, the Preſſure againſt i 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to ſo much of the Bank x 
is under the Surface of the Fluid, and which 
has the 0 e Depth of the Fluid for its Height; 
for the Preſſure upon every Part of the Bank 
at the Bottom is equal to the Weight of a Co- 
lumn, whoſe Baſe correſponds to the Part preſſ. 
ed upon, and whoſe Height is that of the 
Depth of the Fluid; conſequently if the Pre- 
ſure was the ſame every where from Top to 
Bottom, it would be equal to the Weight of a 
many ſuch Columns as would anſwer to all the 
Parts of the Bank: But the Preſſure even 
where diminiſhes in Proportion as we approach 
the Top, where it is nothing; it is therefore 
but Ha, + what it would be in the other Caf; 
from whence the Propoſition 1s clear, 


Sc.) as that of the narroweſt Canal, wiz. becauſe the Preſſure 
of Fluids is not in Proportion to their Surfaces, but theilt 
Depths, end the Surfaces they preſs againſt. a 

+ Becaulc the Sum of a Number of Terms in Arithmetici 
Progreſſion, cginning from Nothing, is Half the Sum of at 
equa) Number of Terms, each of which is equal to the laſt 
the Progreſſion. | Ss | 
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If the Preſſure upon every Part of the Bank, 
from the Surface to the Bottom, was as great 
as it is at the Bottom, the Preſſure againſt it 
would be equal to the Weight of a Column, 
whoſe Baſe is equal to ſo much of the Bank as 
is under the Surface of the Fluid, and which 
has the v e Depth of the Fluid for its Height; 
for the Preſſure upon every Part of the Bank 
at the Bottom is equal to the Weight of a Co- 
lumn, whoſe Baſe correſponds to the Part preſſ- 
ed upon, and whoſe Height is that of the 
Depth of the Fluid; conſequently if the Preſ- 
ſure was the ſame every where from Top to 
Bottom, it would be equal to the Weight of as 
many ſuch Columns as would anſwer to all the 
Parts of the Bank: But the Preſſure eyery 
where diminiſhes in Proportion as we approach 
the Top, where it is nothing; it is therefore 
but Ha, + what it would be in the other Caſe; 
from whence the Propoſition 1s clear. 


Sc.) as that of the narroweſt Canal, wiz. becauſe the Preſſure 
of Flaids is not in Proportion to their Surfaces, but their 
Depths, and the Surfaces they preſs againſt. | 

+ Becaulc the Sum of a Number of Terms in Arithmetical 
Progreſſion, cginning from Nothing, is Half the Sum of an 
equal Number of Terms, each of which is equal to the laſt in 
the Progreſſion. | N | | 
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C'HAP. . 
Of the Effects Fluids have on Solids 


immerſed therein. 


. HE Specific Gravity of a Body is that 
| by which it is ſaid to be heavier, or 
E lighter, than another of a different Kind: Thus 
Lead is ſaid to be ſpecifically heavier than 
Cork; becauſe ſuppoſing an equal Bulk of each, 
the one would be heavier than the other. From 
hence it follows, that a Body, ſpecifically hea- 

vier than another, is alſo more denſe, that is, 
contains a greater Quantity of Matter under the 

{ame Bulk, becauſe Bodies weigh in Proportion 
oo the Quantities of Matter they contain (Part J. 

Chap. 3. F. 7.) l 

II. If a Solid be immerſed in a Fluid of the 
ſame ſpecific Gravity with itſelf, it will remain 
ſuſpended therein, in whatever Part of the 
Fluid it is put. 

Let the Body F GHI (Fig. 12.) be im- 
merſed in the Fluid ABCD to the Depth MN, 
or any other whatever ; I ſay, it will continue 
in the ſame Part of the Fluid, when left to it- 
(elf, without either riſing towards the Surface, 
or ſinking towards the Bottom. 

For, the Body being (by the Suppoſition) of 
equal Gravity with the Fluid, the Weight of 

the Column KLHI, which conſiſts partly of 


Fluid, 


28 The Aclion of Fluids Part II, 
Fluid, and partly of the Body, is the ſame az 
if it had been all Fluid; conſequently HI, that 
Part of the Surface of the Stratum MN, which 
lies immediately under the Body, is preſſed with 
the fame Degree of Force, that any other Part 
of the ſame Dimenſions is, and therefore the 
whole Column K L HI will be ſupported in its 
Place. Now, the ſame being true of the Co- 
lumn KL HI, whatever be its Length, tis 
evident the Body will be ſuſpended in its Place 
at any Depth. 

III. But if the Body is ſpecifically heavier 
than the Fluid in which it is immerſed, it will 
ſubſide to the Bottom: For then, in Whatever 
Part of the Fluid it is put, the Column KLHI 
will always he heavier than an equal Column, 
that conliits all of Fluid; conſequently HI, 
that Part of the Stratum MN, which hes im- 
mediately under the Body, will ſuffer a greater 
Preſſure than any other Part of the fame Di- 
mentions; and therefore will give way, and 
permit the Body to ſubfide continually, till it 
reaches the Bottom. 

IV. On the contrary, if the Body is ſpeci- 
fically lighter than the Fluid, it will riſe to 
the Top, in what Part of the Fluid ſoever it 
is put. For then, the Column K L HI wil 
always be lighter than an equal Column 
which is all Fluid; conſequently HI will be 
leſs preſſed downwards, than any other Part 


of the ſame Stratum of equal Dimenſions, . | 
will 
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will therefore continually riſe up, carrying the 
Body with it, till it arrives at the Top. 

V. A Body, being laid on the Surface of a 
Fluid ſpecifically heavier than itſelf, finks into 
it, till the immerſed Part takes up the Place of 
2 Quantity of Fluid, whoſe Weight is equal to 
that of the whole Body. 

Let EFGH (Fig. 13.) be a Body, floating 
on a Liquor ſpecifically heavier than itſelf, it 
will tak into it, till the immerſed Part IKGH, 
takes up the Place of ſo much Fluid as is equal 
to it in Weight. For, in that Caſe, GH, that 
Part of the Surface of the Stratum upon which 
the Body reſts, is preſſed with the ſame Degree 
of Force, as it would be, was the Space IKGH 
full of the Fluid ; that is, all the Parts of that 
Stratum are preſſed alike, and therefore the 
Body, after having ſunk ſo far into the Fluid, 
is in /£guilibro with it, and will remain at 
Reſt. 
Fl From hence it follows, that a Body is as 
much ſpecifically lighter than the Fluid on 
which it floats, as the immerſed Part is leſs 
ei- chan the Whole. For, by how much the leſs 
o! the immerſed Part is, ſo much the leſs Fluid 


is, the Body is ſo much the lighter in Reſpect 
of the Fluid. And, if the ſame Body be made 
to float ſucceſſively in Fluids, whoſe ſpecific 
Gravities differ among themſelves (but all ex- 
cced that of the Body) the lighter the Fluids 


ars 


is equal in Weight to the whole Body; that 
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are, ſo much greater will be the Part im. 
merſed . 

VI. A Body, ſuſpended in a Fluid fpecif. 
cally lighter than itſelf, loſes a Part of its 
Weight (or rather communicates it to the Fly. 
id) equal to that of a Quantity of Fluid of the 
fame Bulk. | 

Let us, inſtead of fuppoſing the Body ſuſ- 
pended in the Fluid, imagine it to be away, and 
its Place filled with the Fluid; now 'tts evi- 
dent, this being of the ſame ſpecific Gravity 
with the circumjacent Fluid, will be entirely 
ſupported by it, or, if we ſuppoſe the Body to 
be of the ſame ſpecific Gravity with the Fluid, 
it will be wholly ſuſpended by it; we ſee there- 
fore the Preſſure of the circumambient Fluid, 
whereby it end eavours to buoy up the Body, is 
equivalent to the Weight of ſo much Fluid as 
would fill the Place the Body takes up. But, 
fince the Fluid preſſes only on the Surface of 
the Body, that Preſſure is the ſame, whatever 
be the {pecific Gravity of the Body; the Body 
therefore loſes ſo much of its Weight, as the 
Fluid would naturally buoy up; that 1s, ſo 
much as is the Weight of a Quantity of Fluid 
of the ſame Bulk. 


+ This Phznomenon is what gave Riſe to the Hydrometer, 
an Inſtrument of great Uſe in aſcertaining the Genuineneſs of 
Liquors ; for it rarely happens, that the adulterated and tho 
genuine Liquor (however they may agree in Appearance) are 
of the fame ſpecific Gravity. 


This 
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This Propoſition affords us a Method of de- 
termining the Relation which the ſpecific Gra- 
vities of Bodies, whether Fluid or Solid, bear 
to each other. For whereas by weighing a 
Solid in a Fluid ſpecifically lighter than itſelf, 
we find the abſolute Weight of a Quantity of 
the Fluid equal to it in Bulk (v:z. the Weight 
the Solid loſes) the Relation that Weight bears 
to the Weight of the Solid, 1s the Relation of 
their ſpecific Gravities; becauſe the Weights of 
Bodies, whoſe Bulks are equal, are as their ſpe- 
ciic Gravities: Conſequently, if the ſame Solid 
is weighed, ſucceſſively in different Fluids (all 
lighter than itſelf) we gain the Relation which 
the ſpecific Gravity of each bears to that of the 
Solid, and therefore to one another. Again, 
if different Solids are weighed in the ſame Flu- 
id, the Relation which the ſpecific Gravity 
of that Fluid bears to each Solid, is had, and 
therefore alſo the ſpecific Gravities of the Solids 
r: mong themſelves . 


y CHAP. 


+ Upon this is founded the Uſe of the Hydroſtatical Ba- 
1d Jance for determining the ſpecific Gravities both of Solids and 
Fluids. The Practice is thus: Firſt, let the Solid be weighed 
in Air, that is, out of the Fluid; afterwards in it (this ought 
to be done by ſuſpending it at one End of the Balance by a 
String, that is as nearly of the ſame ſpecific Gravity with the 
Fluid made uſe of as poſſible, and letting it fink into the Fluid 
ul it is wholly immerſed below the Surface; if the Fluid 
is Water, an Horſe-hair is moſt convenient to hang the Body 
at the End of the Balance by) then ſubtract its Weight in the 
Fluid from its Weight in Air, the Difference is what it loſes 1 

the 
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CHAP, II. 
Of the Air. 


J. HAT Part of Natural Philoſophy 

which treats of the Properties of the 
Air, and the Effects of its Preſſure and Eli 
ticity, is called Pneumatics. 

II. Air is a thin tranſparent elaſtic Fluid 
ſurrounding the Earth to a certain Height, and, 
taken all together, is called the Atmoſphere. 

III. That Air is a Fluid, is evident from the 
eaſy Paſſage it affords to Bodies moving in it: 
For this ſhews it to be a Body, whoſe Parts 
eaſily yield to a Preſſure that is greater on one 
Side than on the other, which is the Definition Ml * 
of a Fluid. 

IV. Air gravitates towards the Earth, or i 
heavy like other Bodies. 

To prove this we have Abundance of At- 
guments, both from Senſe and Experiment. WW |. 
Thus, when the Hand is applied to the Ori- 
fice of a Veſſel, it readily perceives the Weight 
of the incumbent Atmoſphere, as ſoon as the ©. 


the Fluid. This done, ſay, by the Rule of Proportion, as the Bill pe 
Weight loſt in the Fluid is to its Weight in Air, ſo is Unity, of BY is 
any Number taken at Pleaſure, to a Fourth, which by its Re- 
lation to the former, will expreſs the Relation of ſpecific Gn. 
vity of the Solid to that of the Fluid. Thus, the Relation, 
which the ſpecific Gravity of the ſame Fluid bears to that o 
various Solids, or of the ſame Solid to that of various Fluid, 
and conſequently the Relation of the ſpecific Gravities of al 
among themſelves may be obtained. A; 

| | 1 
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Air included in the Veſſel begins to be drawn 
out. Thus Glaſs Veſſels exhauſted of their 
Air (if not ſtrong enough to ſuſtain the Preſ- 
ſure of the incumbent Atmoſphere) are cruſh- 
ed to Pieces by the Weight of the Air without. 
When the Air is exhauſted out of a Veſſel, the 
Veſſel weighs leſs than before. With a great 
many more Experiments generally mentioned 
by Authors on this Subject . | 
V. The exact Weight of the incumbent Air 
is determined by filling a Tube with Mercury, 
and immerging the open End in a Veſſel of the 
ame Fluid: For then the Mercury will run 
down the Tube, till its Surface is fallen to the 
perpendicular Height of about twenty-nine or 
thirty Inches above the Surface of the Mercu 
in the Veſſel, and no further: If the ſame Ex- 
periment is made with Water, the Surface of 
it will ſtand at about the Height of thirty-two 
Feet above the Surface of that in the Veſſel; 
the Column of Mercury in one Caſe, and the 
Column of Water in the other, exactly ba- 
lancing the Weight of a Column of Air, which 
reaches to the Top of the Atmoſphere, and 
preſſes upon the Surface of the Fluid in the, Veſ- 
ſels. This is what is called the Torricellian Ex- 
periment, from ToRRICELLI1 the Inventor, and 
is the ſame with the common Barometer. 
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From hence it follows (Chap. I. F. 9) 
that all Bodies, at the Surface of the Earth, 
ſuſtain as great a Weight from the Preflure 
of the Air, as is that of a Column of Water, 
whoſe Height is thirty-two Feet, and its Baf: 
equal to the Surface of the Body preſſed 
upon . 

VI. That the Suſpenſion of the Mercury in 
the Barometer depends on the Preſſure of the 
external Air, is beyond all doubt; for if the 
Barometer is included in the Air-Pump, the 
Mercury falls in the Tube, in Proportion 2 
the Air is exhauſted out of the Receiver ; and 
if the Air is let in again gradually, the Mer- 
cury reaſcends proportionably, till it reaches it 
former Height. 

VII. That the Atmoſphere is extended to 
a determined Height, appears from hence; 
vis. that when the Torricellian Tube is re- 
moved to a more elevated Place, the ſuſpend- 
ed Column of Mercury becomes ſhorter; 
which is, becauſe a ſhorter Column of Air 


+ The Preſſure of the Atmoſphere upon every ſquare Inch l 
near the Surface of the Earth, 1s about fifteen Pounds, being 
equal to the Weight of a Column of Mercury, whoſe Heigit 
is thirty Inches, and its Baſe one ſquare Inch: For ſuch a Cv 
lamn of Mercury would weigh about fifteen Pounds. The 
Weight of the Atmoſphere therefore, which preſſes upon a Man 
Body, is equal to ſo many Times fifteen Pounds, as the Surfac 
of his Body contains ſquare Inches. 

The Reaſon why a Perſon ſuffers no Inconvenience from { 
great a Preſſure, is owing to the Air included within the For 
and Fluids of the Body, which by its Reaction is a Counte! 
poiſe to the Preſſure of the external Air. 


prelk 
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preſſes upon it; or, that the Tube, in this 
Situation, is nearer the Top of the Atmo- 
ſphere. 

VIII. The Elaſticity of the Air is that Pro- 
perty by which it contracts itſelf into leſs 
Space, when an additional Preſſure is laid upon 
it; and recovers its former Dimenſions, when 
the Preſſure is taken off. This is accounted its 
diſtinguiſhing Property, all the reſt being com- 
mon to it with other Fluids. 

Of this we have numerous Proofs. Thus, 
a Bladder full of Air being compreſſed by the 
Hand, the included Air gives way ; but when 
the Preſſure is taken off, the Air expands itſelf, 
and readily fills up the Cavity, or Impreſſion 
made 1n the Surface of the Bladder. And, if 
on larger Quantity of Air, than is naturally 
preſſed into a Veſſel by the Weight of the in- 
cumbent Atmoſphere, is forced into it by the 
Condenſer (an Engine for that Purpoſe) and if 
that Air 1s afterwards let out by opening the 
Veſſel, the Remainder is found to be of the 
lame Weight as at firſt ; from whence it fol- 
lows, that the Air, by means of its Elaſticity or 
Spring, drives out all that which was forced in 
by the Condenſer, recovers its former Dimen- 
hons, and fills the Veſſel as before. | 

IX. From hence, together with what has 
been obſerved about the Preſſure of the At- 
moſphere, it follows, that the Air near the 
Surface of the Earth, is compreſſed into a 
much narrower Space by the Weight of the 

. Air 


go 
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Air above, than that which it would naturally 


take up, was it free from that Preſſure ; ac- 


cordingly it is found by Experiment, that, 
when the Preſſure of the Atmoſphere is taken 
oft from any Portion of the Air, it immediately 
expands iticlf into a vaſt Extent. Hence it is, 
that thin Glaſs Bubbles or Bladders filled with 
Air, being included in the Receiver of the Air- 
Purwp, are broke in Pieces by the Spring of 
tlie Air, which they contain within them, when 
the Freſſure of the external Air is taken off, 
Thus, a Bladder quite ftaccid, containing only 
a (mall Quantity of Air in it, ſwells upon the 
Removal of the external Air, and appears dil- 
tended, as if it contained as great a Quantity 
as poſſible. The fame Effect is found in car- 
rying a Bladder ſomewhat flaccid to a more 
elevated Place; for there the external Preſſure 
being leſs, the Air included in the Bladder is in 
fome Meaſure free from the Preſſure of the At- 
mophere; it therefore dilates itſelf, and diſtends 
the Bladder as in the former Caſe. 

X. It is found by Experiment, that the 
Quantity of Space into which Air may be 
contracted by Preflure, is reciprocally propor- 
tionable to the compreſſing Force. From 
whence it follows, that the Denſity of the Air 
is proportionable to the Preſſure which it ſuſ- 
tains; becauſe the leſs the Space is, into which 
a given Quantity of it is contracted, the den- 


fer it is. As to the utmoſt Degree of . 
ion 
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ſion and Contraction, which the Air is capable 
of, they are as yet unknown. In ſeveral Ex- 
periments made by Mr. BoyLe, Air in its na- 
tural State, that is, preſſed only with the Weight 
of the incumbent Atmoſphere, d:lated itleif, 
when that Preſſure was taken off, into more 
than thirteen thouſand Times the Space it 
took up before. And, he was able ſo far to 
comprels it, that it ſhould take up more than 
five hundred and twenty thouſand Times leſs 
Space than that, into which it would dilate 
ittelf, when free from its Preſſure . 

XI. From this Property it follows, that 
the Air in the inferior P'arts of the Atmo- 
ſphere is more denſe than that, which is at 
great Heights in the ſame; or, that the Den- 
ity of the Air decreaſes continually, as we 
approach the Top of the Atmoſphere. For the 
Denſity of the Air is proportionable to the Force 


+ Sce Boyle's Tracts and Experiments on the Spring and 
Preſſure of the Air. 

Various have been the Opinions of Philoſophers concerning 
the Cauſe of this prodigious St ring in the Particles of Air; ſome 
holding it to depend on their Figure, which they ſuppoſe to re- 
ſemble in ſome Manner little Bundles of Twigs, or the Branches 
of Trees; tome think them like Fleeces of Wool, mers con- 
ceive them as rolled up like Hoops, or che Springs 0: Watches, 
und endeavouring to expand theraſeives by Virtue ot their 
Texture. But Sui Z{zac Neauton is of Opinion, that ſuch a 
Texture is by no Meaus ſufficient to acconnt for that vaſt Power 
of Expanſion obſerved above; but that each Particle is endued 
vith a repelling Force which increaſes as they approach one 
another, and accordingly keeps them aſunder at Diſtances re- 
aprocally proportionable to the Preſſure they ſuſtain, 

dee Hales's Statical Eſſays, Vol. 1. Chap. 6. 
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with which it is compreſſed, and that Force 
continually decreaſes, as we approach the Top. 

Was the Denſity of the Atmoſphere every 
where the ſame as it is near the Surface of the 
Earth, its Height (as is computed from the 
Quantity of Preſſure it exerts in raiſing the 
Mercury in the Barometer) would be about five 
Miles. But whereas its Denſity continually de- 
creaſes, as we approach the Top, and it is un- 
certain how far the Particles may expand them- 
ſelves, where there is little or no Preſſure, the 
true Height cannot be obtained, It is com- 
puted to continue of a ſenſible Denſity to the 
Height of about forty-five, or fifty Miles. 

XII. The Elaſticity of the Air produces the 
ſame Effects with its Preſſure. 

For, Action being equal to Reaction, the 
Force, which the Spring of the Air exerts in 
endeavouring to expand itſelf, is equal to the 
Force with which it is compreſſed; juſt as it 
is in the Spring of a Watch, which exerts no 
Force, but in Proportion as it is wound up; 
conſequently a Quantity of Air in ſuch a State 
of Contraction, as it would be compreſſed in- 
to by the Weight of the incumbent Atmo- 
ſphere, exerts a Force equal to that Weight. 
It a Quantity of Air therefore is included in a 
Veſſel, and is of the ſame Denſity with the 
circumambient Air, its Preſſure againſt the 
Sides of the Veſſel is equal to the Weight of 


the Atmoſphere. Thus, Mercury is ſuſtained} 


to the ſame Height by the elaſtic Force of Air 
included 
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included in a Glaſs Veſſel, no Way communi- 
cating with the external Air, as by the Weight 
of the Atmoſphere itſelf. | 

XIII. The Elaſticity of the Air is augment- 
ed by Heat, and diminiſhed by Cold *. For if 
a Bladder, which is about halt filled with Air, 
is laid before the Fire, it will, when it is ſuffi- 
ciently heated, be diſtended and burſt. Thus, 
Glaſs Bubbles being laid upon the Fire, imme- 
diately burſt with great Violence by the aug- 
mented Spring of the included Air. 

XIV. The Denſity of the Air thus conti- 
nually varying, according to the different De- 
grees of Heat and Cold to which it is expoſed, 
makes it difficult to aſcertain its true ſpecific | 
Gravity. Ricc1oLus eſtimates it to be to that 
of Water, as one to a thouſand: MERsENNUS, 
as one to one thouſand three hundred: Mr. 


* This Property is found in al! Bodies both ſolid and fluid, 
but in a much leſs Degree, than it is in Air. Thus, if a Flaſk 
be filled with Water, only to the lower Part of the Neck, and 
is then ſet upon the Fire; the Water, when it begins to grow 
warm, will riſe into the Neck, and continue to aſcend, as the 
Heat is increaſed. And when a Wire or Bar of Iron 1s heated, 
it is augmented both in Length and Diameter. 

Upon this Property depends the Phænomena of the Ther- 
mometer, which is a Glaſs Bubble with a ſmall hollow Stem 
ariſing from it. This Bubble and Part of the Stem is uſually 
illed with Mercury, or Spirit of Wine, which will riſe or fall 
in the Stem, as they are affected by the Heat or Cold of the ex- 
ternal Air, If a ſufficient Degree of Heat is ſuddenly applied 
to this Inſtrument, the Liquor is obſerved to deſcend a little 
before it riſes, becauſe the Glaſs diſtending itſelf, the Capacity 
of the Bubble is augmented, before the included Liquor is at- 
ſecded by the Heat. 
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BoyLE, by more accurate Experiments, found 
it to be, as cone to nine hundred and thirty. 
eight; and thinks, that all Things conſider'd, 
the Proportion of one to a thouſand may be 
taken as a Medium ; for there is no fixing any 
preciſe Proportion, becauſe not only the ſpeci- 
fic Gravity of Air, but that of Water allo, is 
continually varying. However, by ſome Ex- 
periments made ſince with more Accuracy 
before the Royal Society, the Proportion has 
been fixed at about one to eight hundred and 
eighty. 

XV. Air is neceſſary for the Preſervation of 
Animal and Vegetable Life : neither will Fire 
ſubſiſt without it. The Reaſon of this is as 

et unknown to Philoſophers. Mr. Har Es, 

y ſeveral curious Experiments in his Statical 
Eſſays, makes it probable, that tis owing to its 
Elaſticity . 


GHR. IV; 
Of the Reſeſtance of Fluids. 


HE Reſiſtance a Body meets with in 
moving through a Fluid, is of three 
Kinds, The firſt ariſes from the Friction of 
the Body againſt the Particles of the Fluid; 
the ſecond from their Coheſion or Tenacity 


+ See his Analyfs of it. Statical Eſſays, Vol. I. Chap. 6. 
among 


Chap. 4. The Refiflance of Fluids. 4 r 


among themſelves ; the third, from their In- 
activity, or the Tendency they have in com- 
mon with other Bodies, to keep the Places 
they poſſeſs. | 

The firſt, v/z. that which ariſes from the 
Friction of the Body againſt the Particles of 
the Fluid, is very inconſiderable; for whatever 
the Weight is, which preſſes the Particles of a 
Fluid together, the Freedom, with which a 
Body moves through it, is not ſenſibly dimi- 
niſhed thereby; as was obſerved, Chap. I. F. 2. 
in the Notes. 


f The ſecond, or that which ariſes from the 
: Tenacity of the Particles of the Fluid, is as 
8 the Time the Body continues paſſing in it *: 


Thus, 


We have a very curious Argument in Confirmation of this, 
and which at the ſame Time illuſtrates the Mauner in which a 
Body makes its Way through a tenacious Fluid, by Sir Y 
Newton himſelf, in a Poſtſcript to a Letter in the Philoſophical 
Tranſactions, Ne 371. It is as follows. Suppoſe Pieces of 
fine Silk, or the like thin Subſtance, extended in parallel 
* Planes, and fixed at ſmall Diſtances from each other. Suppoſe 
then a Globe to ſtrike perpendicularly againſt the Middle ob 
* the outermoſt of the Silks, and by breaking through them to 
* loſe Part of its Motion. If the Pieces of Silk be of equal 
* dtrength, the ſame Degree of Force will be required to break 
* each of them; but the Time, in which each Piece of Silk re- 
* fiſts, will be ſo much ſhorter as the Globe is ſwifter ; and the 
* Loſs of Motion in the Globe conſequent upon its breakin 
through each Silk, and ſurmounting the Reſiſtance thereof, 
will be proportional to the Time in which the Silk oppoſes it- 
* ſelf to the Globe's Motion; inſomuch that the Globe by the 
' Reſiſtance of any one Piece cf Silk, will loſe ſo much leſs of 


6 its Motion as it is ſwifter, But on the other Hand, by how 
87 much ſwifter the Globe moves, ſo many more of the Silks it 
100% g ill break through in a given Space of Time; whence the 
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Thus, ſuppoſe a Body continues to move 
within a Fluid for the Space of one Hour; if 
its Motion be very quick during that Time, it 
then moves a great Way in that Fluid, and 
conſequently mzets with a great deal of the 
Fluid to reſiſt it; but is reliſted the leſs in 
each Part thereof in Proportion to the Stay it 
makes there : whereas, if its Motion be flow, 
it then moves but a little Way in that Time, 
but is reſiſted ſo much the longer in each 
Part thereof. So that whether the Body moves 
faſt or flow, the Reſiſtance it ſuffers is the 
ſame ; and depends therefore on nothing but 


the Time we ſuppoſe it to continue moving 


within the Fluid. This Species of Reſiſtance 
is allo very ſmall, except in glutinous and 
viſcid Fluids, whoſe Parts are not eaſily ſepa- 
rated. tes | N 


Number of the Silks, which oppoſe themſelves to the Motion 
of the Globe in a given Time, being reciprocally propor- 
tional to the Effect of each Silk upon the Globe, the Reſiſt- 
ance made to the Globe by theſe Silks, or the Loſs of Mo- 
tion the Globe undergoes by them in a given Time, will be 
always the ſame. | | 
* Now, if the Tenacity of the Parts of Fluids obſerves the 
ſame Rule, as the Coheſion of the Parts of theſe Silks ; name- 
ly, that a certain Degree of Force is required to ſeparate and 
diſunite the adhering Particles, the Reſiſtance ariſing from the 
Tenacity of Fluids muſt obſerve the ſame Rule, as the Refilt- 
ance of the Silks; and therefore in a given Time, the Loſs 
of Motion a Body undergoes in a Fluid by the Tenacity of 
its Parts, will in all Degrees of Velocity be the ſame; or in 
fewer Words, that Part of the Reſiſtance of Fluids, which 
ariſes from the Coheſion of their Parts, will be uniform. 


e 


The 
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The third Species is the principal Reſiſtance, 
mat Fluids give to Bodies, and ariſes from 
their Inactivity, or the Tendency the Particles, 
of which they conſiſt, have to continue at Reſt. 
The Quantity of this Reſiſtance depends on the 
Velocity the Body moves with on a double Ac- 
count: For, in the firſt Place, the Number of 
particles put into Motion by the moving Body, 
in any determinate Space of Time, is propor- 
tionable to the Velocity wherewith the Body 
moves; and in the next Place, the Velocity 
with which each of them is moved, is alſo pro- 
portionable to the Velocity of the Body ; this 
Species therefore of Reſiſtance is in a duplicate 
Proportion, or as the Square of the Velocity, 
ich which the Body moves through the 
Ride. 

II. Farther, the Reſiſtance a Body moving 
in a Fluid meets with from thence, may be 
conſidered with Regard to the Fluid; and 
then it will be found to be more or leſs, ac- 


filt- 

" WW * This may be otherwiſe demonſtrated from the twelfth See- 
wide tion of the firſt Chapter; for from thence it follows, that the 
1 heliſtance a Fluid gives to a Solid againſt which it moves, is 
go proportionable to the Height a Body muſt fall from, to acquire 


ſuch a Degree of Velocity as the Fluid moves with: But the 
* Heights Bodies fall from are as the Squares of the Velocities 
eil they acquire by falling; conſequently the Reſiſtance a Fluid 
Lok es te a Solid, againſt which it moves, is alſo as the Square 
0 of of its Velocity. Now it matters not, as to the Reſiſtance, whe- 

J ther the Fluid moves againſt the Solid, or whether it be at Reſt, 
ind the Solid moves in it; the Reſiſtance therefore which a 
fluid gives to a Solid moving in it, is as the Square of the 
Jelocity with which it moves. 


cording 
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cording to the Denſity of the Fluid. For by 
how much denſer the Fluid is, ſo muck the 
greater Number of Particles are to be put into 
Motion by the Body, in order to make its Way 
through it. 

III. The next Thing to be confidered, is the 

Effects of the Reſiſtance of Fluids upon Bodie; 
moving in them ; that is, the Retardation 
which they cauſe in the Motion of a Body by 
their Reſiſtance, or the Quantity of Motion 
they deſtroy. 
And this, in fimilar Bodies of equal Magni. 
tudes, is inverſely as their Denfities, or the 
Quantity of Matter they contain: for by how 
much the greater the Quantity of Matter in 
any Body is, ſo much the more eaſily does it 
overcome the Reſiſtance it mects with from the 
Fluid. Thus we ſee the Reſiſtance of the Air 
has a much leſs Effect in deſtroying the Mo- 
tion of an heavy Body, than of a light one 
which has the ſame Dimenſions. 

IV. In ſimilar Bodies of equal Denſities, 
but different Magnitudes, the Retardation is in- 
verſely as their homologous Sides. For the Re- 


ſiſtance Bodies meet with in a Fluid, is inverſchj 
as the Quantities of Matter they contain (by 
the laſt) that is inverſely as the Cubes of theig 
homologous Sides; and it is alſo ditectly ay 
their Surfaces, becauſe 'tis by them that they 
move the Fluid out of its Place; that is. dig 
rectly as the Squares of their homologous Sides 
| | C0118 
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conſequently the Retardation is inverſely as 
their homologous Sides . 


Having given the fundamental Principles of 
Hydroſtatics, and ſhewn how Fluids, both com- 
prefſible and incompreſſible, are diſpoſed to act 
upon each other, and upon Solids by their Preſ- 
ſure, Motion, Elaſticity, and Reſiſtance ; I 
proceed now to account for ſome of the more 
remarkable Phænomena of Nature, in which 
they are in Part, or altogether concerned: And 
this I defign for the Subject of the following 
Diſſertations, 


+ Becauſe the inverſe Ratio of the Cubes of any Numbers 
being compounded with the direct Ratio of the Squares of the 
nene, gives the inverſe Ratio of the Numbers themſelves, 
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DISSERTATION I 
Of Sound. 


VV HEN the Parts of an elaſtic Body ar 
P 


ut into a tremulous Motion, by Per. 
cuſſion, or the like; ſo long as the Tremor 
continue, ſo long is the Air, included in the 
Pores. of that Body, and likewiſe that which 
preſſes upon its Surface, affected with the like 
Tremors and Agitations : Now, the Particle 
of Air being ſo far compreſſed together by the 
Weight of the incumbent Atmoſphere, as their 
repuliive Forces permit, (as has been explained, 
Chap. 3.) it follows, that thoſe, which are 
immediately agitated by the reciprocal Mo- 
tions of the Particles of the elaitic Body, will 
in their Approach towards thoſe which lie next 
them, impel them alſo towards each other; 
and thereby cauſe them to be more condenſed, 
than they were by the Weight of the incum- 
bent Atmoſphere, and in theirReturn will ſuffer 
them to expand themſelves again; whereby the 
like Tremors and Agitations will be propagate 
to them; and ſo on, till having arrived at 
certain Diſtance from the Body, the Vibration! 
ceaſe, being gradually deſtroyed by a conti 
nual ſuccetiive Propagation of Motion to fre 
Particles of Air throughout their Progreſs. 


Thu 
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Thus it is that Sound is communicated from 
a tremulous Body to the Organ of Hearing. 
Each Vibration of the Particles of the ſounding 
Body is ſucceſſively propagated to the Particles 
of the Air, till it reaches thoſe which are con- 
tiguous to the Tympanum of the Ear, (a fine 
Membrane diſtended acroſs it,) and theſe Par- 
ticles, in performing their Vibrations, impinge - 
upon the Tympanum, which agitates the Air 
included within it ; and that being put into a 
like tremulous Motion, affects the auditory 
Nerve, and thus excites in the Mind the Sen- 
fation or Idea of what we call Sound. 

Now ſince the repulſive Force of each Par- 
ticle of Air is equally diffuſed around it eve- 
ed i Way; it follows, that when any one ap- 
Wl proaches a Number of others, it not only re- 
pels thoſe which lie before it, in a right Line; 
but the reſt, laterally, according to their re- 
ſpective Situations : that is, it makes them 
recede every Way from itſelf, as from a Cen- 
ter: and, this being true of every Particle, it 
follows, that the aforeſaid Tremors will be 
propagated from the ſounding Body in all Di- 
retions, as from a Center: And further, if 
they are confined for ſome Time from ſpread- 


ate | 

* ing themſelves by paſſing through a Tube or 
"tiohl lhe like, will, when they have paſſed through 
ont» ſpread themſelves from the End in every 


Direction. In like Manner, thoſe which paſs 
rough an Hole in an Obſtacle they meet 
mh in their Way, will afterwards ſpread 
Thu themſelvces 
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themſelves from thence, as if that was the 
Place where they began; ſo that the Sound, 
which paſſes through an Hole in a Wall, or the 
like, is heard in any Situation whatever, tha 
is not at too great a Diſtance from it. Some- 
thing analogous to this we may obſerve in th: 
Motion of Waves upon the Surface of a Fluid, 
which are propagated equally through all Part 
of the Surface in a Circle, though occaſioned 
not by a circular, but reciprocal Motion and 
Agitation of the Finger, or any other Body in 
a ſtrait Line, | 

Since the repulſive Force, with which the 
Particles of Air act upon each other, is recipro- 
cally as their Diſtances; (Chap. 3. F. 10.) it 
follows, that when any Particle 1s removed out 
of its Place by the Tremors of a ſounding Body, 
or the Vibrations of thoſe which are contiguous 
to it, it will be driven back again by the 
repulſive Force of thoſe towards which it 1 
impelled, with a Velocity proportionable to 
the Diſtance from its proper Place; becauſe 
the Velocity will be as the repelling Force. 
The Conſequence of this is, that, let the 
Diſtance be great or ſmall, it will return %. 
its Place in the fame Time; (for the Time e 
Body takes up in moving from Place to Place 
will always be the ſame, fo long as the Ve- 
locity it moves with is proportionable to the 
Diſtance between the Places.) The Time there 
fore in which each Vibration of the Air 


performed, depends on the Degree of Rey 
0 
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fion in its Particles: And ſo long as that is not 
altered, will be the ſame at all Diſtances from 
the tremulous Body ; conſequently, as the Mo- 
tion of Sound is owing to the ſucceſſive Pro- 
pagation of the Tremors of a ſounding Body 
through the Air, and as that Propagation de- 
pends on the Time each Tremor 1s performed 
in, it follows, that the Velocity of Sound va- 
nies as the Elaſticity of the Air, but continues 
the ſame at all Diſtances from the founding 
Body. 

And as the Velocity, with which Sound is 
propagated, depends on the Elaſticity ot the 
Air, {0 it does alſo on its Denſity ; for when 
„we Denſity of the Air is augmented, while 
its Elaſticity remains the ſame , a great Num- 
ber of Particles will move torwards and back- 
wards in each Vibration; now, fince we ſup- 


poſe the Cauſe by which they put each cther 


3 + Perhaps it will not appear to every one, how the Denſity 
> (0 i of the Air can be augmented withcut a proportional Increaſe of 
auſe is Elaſticity ; becauſe, cæteris faribus, the nearer the Particles 
approach each other, the ſtronger is the Action of their repul- 
ce. ve Force. 
the But it is to be conſider'd, that when the Air becomes colder, 
n to its Elaſticity is diminiſhed, and then the Particles are brought 
| Cloſer together by the Preſſure of the Atmotphere, till they ac- 
me ue an Elaſticity equal to what they had before; wiz. ſuch as 


Place alwers to the Preſſure they ſuſtain (Chap. 3. F. 12.) From 

Ve- tence we may infer, that the Propagation of Sound is flower in 
p Yo inter than in Summer, when the Mercury in the Barometer is 
'0 (hell © the ſame Height; for the Preflure of the Air being the ſame, 


here i Elaſticity, which depends upon it, is ſo too; but the Air is 
A = by Reaſon of the Cold, and therefore its Vibrations 
All et. 
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into Motion (vis. their Elaſticity,) the ſame 
they will each receive a leſs Degree of Velo. 
city; and fo the Vibrations will be performed 
in a longer Time, whence the Succeſſion of 
them will be flower, and the Progreſs of the 
Sound proportionably retarded &. 

Whereas the undulatory Motion of the Air, 
which conſtitutes Sound, is propagated in al 
Directions from the founding Body ; it wil 
frequently happen, that the Air, 1n perform- 
ing its Vibrations, will impinge againſt var 
ous Objects, which will reflect it back, and 
ſo cauſe new Vibrations the contrary Way; 
now, if the Objects are fo ſituated, as to re- 
flect a ſufficient Number of Vibrations back 
(viz. ſuch as proceed different Ways) to the: 


*The Method of determining the Velocity with whit 
Sound is propagated, is (by the Help of a ſhort Pendulum) to 
eſtimate the Time, which paſſes between ſeeing a Fire of! 
Gun at a Diſtance, and hearing the Report. Its great Velociy 
makes it difficult to be determined exactly; accordingly A. 
thors differ much in their Acccunts. The moſt accurate Ob- 
ſervers, Dr. Halley and Dr. Derham, have found it to be abort 
one thouſand one hundred and torty-two Fect, which 1s 
moſt a Quarter of a Mile, in a Second, 

The uſual Experiments to prove that the Air is neceſſary c 
the Propagation of Sound, are ſuch as theſe. A ſmall Bell be 
ing put into the Receiver of the Air-Pump, may be heard tt 
confiderable Diſtance before the Air is exhauſted out of it; ov 
when the Air is much rarefied by exhauſting, can ſcarcely d 
heard at all. When the Air is condenſed, the Sound 1s aug 
mented in Proportion to the Condenſation. Theſe Experimet 
do not only ſucceed in forced Rarefactions and Condenſation! 
but in ſuch alſo as are Natural; Sound being obſerved to 
much weaker on the Tops of high Mountains, where the 4 
is leſs condenſed by the Weight of the incumbent Atmoſphe! 
than in the Valleys below. 


{an 
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fame Place, the Sound will be there repeated, 
and 1s called an Echo*, And, the greater the 
Diſtance of the Objects is, the longer will be 
the Time, beföôre the Repetition is heard. 
And when the Sound in its Progreſs meets with 
Objects, at different Diſtances, ſufficient to 
produce an Echo, the ſame Sound will be re- 

eated ſeveral Times ſuceeſſively, according to 
the different Diſtances of thoſe Objects from 
m- the ſounding Body; which makes what is call- 
li- ed a repeated Echo. 

If the Vibrations of the tremulous Body are 
propagated through a long Tube, they will be 
continually reverberated from the Sides of the 
Tube into its Axis, and by that means pre- 
vented from ſpreading, till they get out of it; 
whereby they will be exceedingly increaſed, 
and the Sound rendered much louder than it 
would otherwiſe be . 

The Difference of Muſical Tones depend 
on the different Number of Vibrations com- 
municated to the Air, in a given Time, by the. 

Tremors 


* In Mocadſtocſ Park, near Oxford, there is an Echo, which 
repeats diſtinctly ſeventeen Syllables by Day, and twenty by 
Night. See Plot's Natural Hiſtory of Oxford/bire. = 
The Reaſon why it repeats more Syllables by Night, than 
by Day, is becauſe the Air, being colder at that Time, is more 
denſe; and therefore the Return of the firſt Vibrations being 
lower, gives Time for the Repetition of more Syllables. 


+ This is the Caſe in the Stentorophonic Tube or Speaking- 
Trumphet. Sce Kircher de Re Muſica, Lib, 9. Par. 3. Od: 
Philoſ, Nat. Princip. p. 293- | 
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Tremors of the ſounding Body; and the quicker 
the Succeſſion of the Vibrations is, the acuter is 
the Tone, and & contra. x” hd 
A muſical Chord performs all its Vibrations, 
whether great or ſmall, in the ſame Time: 
For, if a $tring is ſtretched between two Ping, 
and a Force is applied to the middle Point, 
to draw it out of its rectilineal Situation; it 
is found by Experiment, that the Diſtance (if 
it be ſmall) to which it is drawn, is as the 
Force applied ; conſequently the Velocity, 
with which it returns, when left to itſelf, will 
be as the Space it has to move over; it will 
therefore perform all its Vibrations in the ſame 
Time: This is the Reaſon why the ſame Chord, 
however ſtruck, produces the ſame Note. It 
is alſo found by Experiment, that when Strings 
of equal Diameters, but different Lengths, 
are equally ſtretched, the longer they are, © 
much the leſs Weights will draw them from 
their rectilineal Situation to the ſame Diſtance; 


Upon this Principle it is, that Sound 1s conveyed from one 
Side of a Whiſpering Gallery to the oppoſite one, without being 
perceived by thoſe who ſtand in the Middle. The Form of a 
#hiſpering Gallery is that of a Segment of a Sphere, or the like 
arched Figure; and the Progreſs of the Sound through it may 
be illuftrated in the following Manner, 

Let ABC (Fig. 14.) repreſent the Segment of a Sphere; 
and ſuppoſe a low Voice uttered at D, the Vibrations expand- 
ing themſelves every Way, ſome will impinge upon the Points 
E, E, c. and from thence be reflected to the Point F, from 
thence to G, and ſo on, till they all meet in C; and by their 
Union there cauſe a much ſtronger Sound, than in any other 
Part of the Segment whatever, even at D, the Point from 
whence they came. | | 


the 
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the Forces therefore by which they return 
are leſs, and the Times of their Vibrations 
longer. 987 2: 

When two Chords perform their Vibrations 
in equal Times, the Tone produced is called 
an Uniſon. If one performs two, while the 
other one; tis an OZeve. If one three, while 
the other two; 'tis a Fi/th. If one three, 
while the other four; tis called a Fourth, 
&c. 

To make an Uniſon Sound, it is not neceſ- 
ſary, that the Vibrations of the two Strings 
ſhould actually concur, but only that they 
ſhould be performed in equal Times; ſo that 
they would always concur, if they began at 
the ſame Inſtant. For the Ear perceives not 
the ſingle Vibrations diſtinctly, but only finds 
that Difference, which proceeds from the In- 
tervals of Time, that paſs between them *. 


* Upon theſe Principles we may account for that remarkable 
Phznomenon in Muſic, that an intenſe Sound being raiſed, 
either with the Voice, or a ſonorous Body, another ſonorous Bo- 


og dy near it, and in Uniſon with it, will thereby be made to ſound. 
+ 25 For the Vibrations of the Air, which correſpond to the Tre- 


like mors of the firſt ſounding Body, agreeing exactly, in Pont of 
| Time, with thoſe, which are capable of being given to tte 
other Body at Uniſon with it; when they have by their firſt Im- 

1 pulſe communicated a ſmall Degree of Motion to it, will, b 
s conſpiring with it, as it moves iorwards and backwards, conti- 
nually increaſe its Motion, till it becomes ſenſible.” The con- 
trary happens in Strings which are in Diſcord with each other; 
rin this Caſe, though the firſt Vibration of one may give 
Motion to the other, yet their Vibrations not being periormed 
in equal Times, the ſecond will come a» a/cnably, i. e. when 
the other is moving the contrary Way, and obſtruct its Motion. 
It is farther obſervable, that in two Strings, one of which vi- 
L 2 | brates 
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brates twice, while the other once; if the firſt be ſounded, the 


Points between thoſe Parts will remain at Reſt. For other- 


ceſſarily interfere with it at every ſecond Vibration; and that 


two Extreams of the other will each ſound an Uniſon with it, 
while the middle Point remains at Reſt. So if one vibrates 
thrice, while the other once, the laſt will be divided into three 
Parts, each of which will ſound an Uniſon with it, and the two 


wiſe, that which vibrates twice, while the other once, muſt ne- 


which vibrates thrice, while the other once, would interfere 
with it at every third; ſo that it would not be put into a ſufh- 
cient Motion to produce a Sound. , But, when it. is divided 
the quieſcent Points, it becomes ſo many Strings at Uniſon wi 
the . each of which eaſily receives its Vibrations from 
thence. 

From hence likewiſe it is, that if we take two or three Drink- 
ing-Glaſſes, and put ſome Water or other Fluid into each of 
them, and place them near to each other, taking Care to fil 
them to ſuch Heights, that (when ſtruck) their Tones ſhall be 
in Uniſon; and then, if we ſlide the Finger along the Brim of 
one of the Glaſſes, preſſing pretty ſtrongly upon it, {which wil 
cauſe it to ſuund) we ſhall ſee the Surface of the Fluids in the 
other Glaſſes begin to tremble ; which ſhews that the Vibrations 
of the firſt Glaſs cauſe the like in the other at Uniſon with it; 
though not-perhaps in a Degree ſufficient to produce a Sound, 
ſtrong enough to be heard diſtinctly from the former. 

Thus it is that ſome Perſons are able to break a — 
Glaſs by a Tone of their Voice at Uniſon with it. They fi 
try the Tone of the Glaſs by ſtriking it, then applying their 
Mouth near to the Brim of it, ſound the ſame Note with their 
Voice ; this ſets the Glaſs a trembling; they then continually 
raiſe their Voice, ſounding ſtill the ſame Note; this increaſes 
the Tremors of the Glaſs, which by that Means (if it is not to 
ſtrong) is broke in Pieces. | 7 

The Effect of Maſic upon Perſons bit with a Tarantula, (it 
the Accounts we have of it from Abroad may be credited) 15 
very ſurpriſing. A Perſon bit with the Tarantula, after ſome 
Time loſes both Senſe and Motion, and dies if deſtitute of 
Help. The moſt effectual Remedy is My/ic. The Muſician 
tries Variety of Airs, till he hits upon one that affects the Pa- 
tient, who upon that begins to move by Degrees ; firlt keeps 
Time with his Fingers, Arms, and Legs, afterwards, is v10- 
lenily agitated in every Part of his Body; and then leaps up, 
begins to dance, and increaſes in Activity every Moment; — 
b 0 alter 
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Knowledge by little and little, | 
The Reaſon why the Patient is thus affected 
uſe the Nerves of his Body are ſo di ſpoſed in 

as eaſily to be agitated by the Vibrations which are 
by the principal and ſtronger Notes of what is play 


See, on the Subject of this Diſſertation „Ph 
N* 134, 234, 302, 313, 319, 337. Hiſt. , 
1708, Grew's Coſmolog. Sacr. Book I. Chap. 5. Mead upon 
Poiſons, p. 59. Miills Anatomy, P. 214. Baoglivi Prax. Me- 


dic. Diſſert. I. Bellini de Uri & .Pulſbus, &c. ſub fine 
Capitis de Mania. i 
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DISSERTATION IL 
Of Capillary Tubes. 


Y a Capillary Tube is generally underſtood 
a Glaſs Pipe, the Diameter of whoſe 
Bore is at moſt but about ohe tenth of an Inch; 
though any Tube, whoſe Cavity does not ex- 
ceed that Magnitude, may be fo called. 
The Phenomena of Capillary Tubes being 
ſach as contradi& a known Law in Hydroſta- 
tics, viz. that a Fluid riſes in a Tube to the 
ſame Height with the Level of its Source þ; 
and likewiſe of Affinity with the Aſcent of the 
Sap through the Stems of Plants for the Nou- 
riſhment of their Fruit, and with divers other 
Operations of Nature : it has been thought 
of no ſmall Moment in Philoſophy to find 
out and. eſtabiſh their true Cauſe ; which af- 
ter numerous Experiments, and ſeveral Con- 
jectures about it, is found to be no other than 
the Attraction of Coheſion; by which ſmall 
Particles of Matter mutually adhere together, 
and form larger Bodies ||. I ſhall lay down 


+ See Chap. I. $.9. Caſe 4. in the Notes. 


See Haukſbee's and Powwer's Experiments. Muſſchenbrotk 
4to Edit: Philoſoph. Tranſat. Ne 355. Mem. de VAcad. | 
1705, 1714, 1722, 1724, with others referr'd to in Quæſtiones 
Philoſoph. N 2 | . 5 Hes” | 1 f 
4 ' , X the 
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the ſeveral Phznomena, as ſo many Matters of 
Fact; and ſubjoin to each a Solution from that 
Cauſe. In order to which, it may not be im- 
proper to premiſe the following Conſideration 
by way of Lemma. | 
Let us ſuppoſe the Veſſel ABCD (Fig. 15.) 
filled with a Fluid to the Height LM, and 
let it be conceived as divided into the equal 
Portions EFGH, GHIK, IKLM, Sc. Far- 
ther, let it be ſuppoſed, that each Particle of 
Matter in the inner Surface of the Veſſel, has 
a Sphere of Attraction, whoſe Semidiameter 
is equal to the Breadth of three of thoſe Por- 
tions; that is to fay, that the Attraction of 
the Particle M reaches upwards as far as F, 
and downwards as far as 8; and that of the 
Particle O, upwards as far as H, and down- 
wards as far as U; and ſo of all the reſt quite 
round the Tube. From hence it will follow, 
that every Particle of the inner Surface of the 
Veſſel, which lies between EF and RS, con- 
ſpires in endeavouring to raiſe the Fluid to- 
wards AB the Top of the Veſſel; and that 
the Fluid is not affected by any other. For 
Inſtance, the Particle S, and all below it, will 
attract downwards three Strata of the Fluid 
(ſuch as are contained in three equal Diviſions 
of the Veſſel) from above, and as many up- 
wards from below ; and therefore will have no 
Effect at all in raiſing or depreſſing the Fluid. 
But the Particle Q will attract only two Strata 
downwards ; becauſe there are ng tnore above 
L 4 it, 
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it, and three upwards, and therefore will in 


ſome meaſure tend to raiſe the Fluid; fo the a1 
Particle O will attract but one downwards, and h 
three upwards; the Particle M none. down- 9 
wards, and three upwards; the Partiele K two in 
upwards, and H only one: all which may di 
clearly be ſeen by their Situations in the Figure of 
with Reſpect to the Surface of the Fluid, M 
Therefore in every Veſſel, where there is a mu- as 
tual Attraction between the Fluid it contains ar 
and the Particles of which it is compoſed, there th 
will be a certain Number of Particles diſpoſed Cal 
around it in Form of a broad Periphery or 
Zone, as repreſented by AB (Fig. 16.) half of MM i: 
which lies above the Surface of the Fluid, and Le 
half below it, arid will tend to make it riſe to- in 
wards the Top. This being underſtood, the Co 
following Phænomena will not be difficult“. Wa 
the 
*I have been the more particular in explaining this Lemma, con 
becauſe it is not a bare Periphery of no Breadth, to which the 1 
Aſcent of the Fluid is owing, but a Zore or Cingulum of Parti- | 
cles diſtended equally in Breadth both Ways from the Surface wh 
of the Fluid; and becauſe it is upon the Breadth of this, that Tul 
ſome of the following Solutions depend. As to the Thickneſs 
of it, that undoubtedly is equal to the Semidiameter of the Col 
Sphere of Attraction in the Particles of the Veſſel; and there- whi 
fore Veſſels, whoſe Sides are of different Thickneſſes (provided , 
thoſe Thickneſſes be leſs than that Semidiameter) muſt have ec: 
different Effects upon the tame Fluid, thopgh no one has as yet the 
been ſo accurate as to obſerve it. The Reaſon why a Fluid will he 
not riſe in a large Veſſel, as well as in one that is Capillary, is, 
becauſe the Attraction of its Particles does not reach far enough And 
into the Middle of the Veſſel ; and therefore it only riſes about riſes 
che Sides ſtanding higher than in the Middle: as may be ſeen nete 


jn a Drinking-Glaſs, when a Quantity of Water is put into it, 
ſomewhat leſs than is ſufficient to fill it. 


J. Let | 


JU... 
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I. Let there be two Capillary Tubes, AB 
and CD (Fig. 17.) open at both Ends; and 
having their lower Orifices, A and C, immer- 
ed below the Surface of the Water contained 
in the Veſſcl FG HI: The Water will imme- 
diately riſe up in each Tube above the Surface 
of that in the Veſſel, beginning with a ſwift 
Motion, which will gradually decreaſe; till 
as much Water has entered the Tubes, as they 
are able to raiſe : And the Heights to which 
the Water will riſe in them, will be recipro- 
cally as their Diameters. 
That the Water ought to riſe in both Tubes 
i; an immediate Conſequence of the foregoing 
Lemma ; becauſe the Column of Water with- 
in the Tube is rendered lighter than an equal 
Column on the Outſide, as being attraRed up- 
wards by a Portion of the interior Surface of 
the Veſſel ; and therefore will riſe till it be- 
comes as much longer than the external ones, 
as it is made lighter; that the Æquilibrium, 
which was deſtroyed by the Attraction of the 
Tube, may be reſtored by the Weight of the 
Column. The Reaſon that the Velocity with 
which is riſes, ought conſtantly to decreaſe, is, 
: becauſe the heavier the Column is, the leſs is 
et Wie Effect of the Attraction, which is always 
the ſame in a Tube of the ſame Diameter. 
And laſtly, the Heights to which the Water 
ies in them, will be reciprocally as their Dia- 
Ineters; for then the Quantities raiſed will be 
directly 
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directly as the Diameters ; but thePeripherics 1! 
that raiſe them, (being always of the ſame n 
Breadth, and having their Lengths equal to the Ml © 
C:rcumferences of the Tubes) are as thoſe Dia. it 
meters; the Quantities of Water therefore, WM { 
being in the ſame Ratio, are as the Peripheries, MW nc 


7. e. as the Cauſes by which they are raiſed. th 
II. If the Tubes, before they are immerged Ml fo 
in the Water, are filled to greater Heights, th 
than thoſe to which it would naturally riſe in 
them; and then have their lower Orifices im- mc 
merged in Water, the Water will ſubſide til ni 
it ſtands in each at the ſame Height to which He 
it would have riſen; but, if they are held ina 
perpendicular Poſition without being immer- pe! 
ged, the Water will not ſubſide in the Tubes i fail 
tre ſo far. | La we. 
The Reaſon why the Water in the Tube, fm 
when its lower Orifice is immerged, ſubſide; far 
to the ſame Height it would have riſen to, had I 
the Tube been immerged when empty, is be-. to 
canfe the Column is ſuſpended in one Caſe by Jus 
the ſame Cauſe, by which it is raiſed in the Mid, 
other; but when the Tube full of Water 18 15 


+ Tie Heights to which the Water riſes, being in a reciſ; en u 
procal Ratio of the Diameters; and the Contents of Cylin 
drica! Tubes being in a direct Ratio of their Heights, and 0 
the Squares of their Diameters; the Quantities of Watet 
raiſed in this Caſe will be in a reciprocal Ratio of the Diame 
ters, and a direct one of the Squares of the ſame, Now thc 
two Ratios being compounded together, give the direct one 
the Diameters themſelves ; becauſe the ſimple reciprocal Rati 
deſtroys one of thoſe, which are contained in the direct one 


the Squares. 


hell 
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held erect, without being immerged, it will 
not ſubſide quite fo far; becauſe the lower End 
of the Tube, which the Water leayes behind 
it as it drops out, attracts it the contrary Way; 
ſo that the Column in this Cafe is ſuſpended, 
not only by the inner Surface of the Tube at 
the Top, but alſo by its lower End ; and there- 
fore a greater Quantity of Water is ſuſpended 
than in the former Caſe. 

III. If a Tube, having its lower Orifice im- 
merged in Water, be held obliquely, it will 
raiſe the Water to the fame perpendicular 
Height, as when held erect. 

For ſince Fluids preſs according to their per- 
pendicular Heights, the Weight of the Column 
taiſed will not be proportionable to the attract- 
we Force of the Tube, till it has arrived at the 
lame perpendicular Height, to which it would 
bave roſe, if held erect. 

IV. If a Tube, when the Water is riſen into 
it to its wonted Height, is laid in an horizontal 
ituation, the Water will move towards the 
Middle of the Tube, leaving the End which 
yas immerſed a little behind. 

The Solution of this Phænomenon depends 
on what was obſerved in the Lemma about 
lhe Breadth of the attracting Periphery, and 
ts being equally fituated on each Side the 
urface of the Water; for from thence it fol- 
Jlows, that if the Water ſhould not run from 
de full End of the Tube, after it has laid in 
u horizontal Situation, but remain contiguous 
to 
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to it; that End of the Column of Water would 
be attracted only by ſuch a Portion of a Peri- 
phery as lies within its Surface at that End; 
becauſe the End of the Tube coinciding with 
the Surface, the other Half of the Periphery 
is wanting. Whereas, at the other End of the 
Column, there is a Periphery whoſe Breadth i 
entire ; which, overpowering the other, cauſes 
the Water to move towards the Middle of the 
Tube, till as much Periphery is left behind, as 
can at once affect the Water by the Attraction 
of its Particles; after which the Water being 

attracted equally each Way, remains at Reſt. 
V. Let there be a Tube (Fig. 18.) conſiſt- 
ing of two Parts DR and R CK, of different 
Diameters; it follows from what has been faid, 
that DR the fmaller Part of the Tube, is able 
to raiſe Water higher than the other : Let then 
the Height to which the larger would raiſe it, 
be TF, and that to which it would riſe in the 
leſſer (was it continued down to the Surface of 
the Fluid) be XL: If this compound Tube be 
filled with Water, and the larger Orifice CK be} 
immerſed in the ſame Fluid, the Surface of the 
Water will fink no farther than XL, the Height 
to which the leſſer Part of the Tube would 
have raiſed it. | 5 
But if the Tube be inverted, as in Fig. 19. 
and the ſmaller Orifice XL be immerſed, the 
Water will run out till the Surface falls to TF: 
the Height to which the larger Part oh ” 
| | : ube 
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Tube would have raiſed it. The Size of the 
lower Part making no Alteration in the 
Height, at which the Fluid is ſuſpended in 
either Caſe. 

In order to account for theſe Phænomena, it 
muſt be conſidered, that when a Body is fo 
diſpoſed, that its different Parts ſhall move 
with different Degrees of Velocity, the greater 
Proportion the Velocity of that Part to which 
2 moving Power is applied, bears to that of 
the reſt; ſo much the more effectual is the 
Power in moving that Budy : As is the known 
Caſe of the Levers. and all the other Mechant- 
cal Powers. , 

Now let us conceive the Tube DR (Fig. 
18.) continued down to Hl, and let it be 
ſuppoſed at preſent that the Fluids contained 
in the Tube XLIII, and the compound one 
XLK C, are not ſuſpended by the Periphery 
 L, but that they preſs upon their reſpective 
Baſes, HI and CK. Let it farther be ſuppoſed 
that theſe Baſes are each. of them moveable, 
nd that they are.raiſed, up or let. down with 
qual Velocities; then will the Velocity with 
which XL the uppermoſt Stratum, of the Fluid 
XLCKrmoves, excecd that of the ſfameStratum, 
conſidered, as the uppermoſt of the Fluid in the 
Tube X L HI, as much as the Tube RC K 
b wider than DR (by the Lemma, Chap. 1 
9.) that is, as much as the Space MN KC 

exceeds XLIH ; conſequently, by what was 
ved in the foregoing Paragraph, the 

| Effet 
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Effect of the attracting Periphery X L, as j 
acts upon the Fluid contained in the Veſſc 
XLC K, exceeds its Effect, as it acts upon 
that in XL HI, in the ſame Proportion 
Since therefore it is able (ex Hypoth.) to ſul. 
tain the Weight of the Fluid X L HI by in 
natural Power, it is able under this Mecban. 
cal Advantage, to ſuſtain the Weight of a 
much as would fill the Space MNKC: By 
the Preſſure of the Fluid XL CK is equal v 
that Weight, as having the ſame Baſe and a 
equal Height (Chap. 1. F. 9.) its Preſſure there. 
fore, or the Tendency it has to deſcend in the 
Tube, is equivalent to the Power of the at 
tracting Periphery X L, for which Reaſon i 
ought to be ſuſpended by it. 

Again, the Height (Fig. 19.) at which 
the attracting Periphery in the larger Part © 
the Tube is. able to ſuſtain the Fluid 1s no 
greater than N F, that to which it would ha 


raiſed it, had the Tube been continued dom th 
to MN. For here the Power of the attract phe 
ing Periphery acts under a like Mechanic" ot 
Diſadvantage, and is thereby diminiſhed 1 C1 
Proportion to the Capacity of the Tube TFN depen 
to that of HIX L; becauſe, if the Buſes c Part 
theſe Tubes are ſuppoſed to be moved with ture 
equal Velocities, the Riſ or Fall of the Su! khan 
face of the Fluid TF XL, would be fo muci be rea 
leſs than that of T FMN. And, wheret af For 


the attracting Periphery TF is able by its n- 
tural Power to ſuſpend the Fluid only 5 t 
eig 
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Height NF in the Tube TF MN; it is in this 
Caſe able to ſuſtain no greater Preſſure than 
what is equal to the Weight of the Fluid in 
the Space HIXL: but the Preſſure of the 
Fluid TFXL, which has equal Height, and 
the ame Baſe with it, is equal to that Weight; 
and therefore is a juſt Mquipondium to the at- 
tracting Power. 

VI. From hence we may clearly ſee the 
Reaſon, why a ſmall Quantity of Water put 
into a Capillary Tube, which is of a Conical 
Form, and laid in an Horizontal Situation, 
will run towards the narrower End. For let 
AB (Fig. 20.) be the Tube, CD a Column 
of Water contained within it; when the Fluid 
moves, the Velocity of the End D will be to 
that of the End C reciprocally as the Cavity 
of the Tube at D, to that at C (by the Lem- 
na, Chap. 1. F. 9.) that is, reciprocally as the 
Square of the Diameter at D, to the Square 
of the Diameter at C; but the attradting Pe- 
nphery at D is to that at C, in the ſimple Ra- 
to of the Diameter at ), to the Diameter at 
C. Now, finge the Ecfect of the Attraction 
depends, as much upon the Velocity of that 
Part of the Fhuid where it acts, as upon its 
natural Force, its Hffect at D will be greater 
nan at C; for though the Attraction at D 
ereall, leſs in itſelf than at C, yet its Loſs 
Force upon that Account, is more than 
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compenſated by the mechanical Advantage i 
has ariſing from hence, 072. that the Velo. 
city of the Fluid in that Part is greater than 
it is at ©, in a greater Proportion than the 
Force itſelf is lefs : The Fluid will therefor: 
move towards B. 

VII. From hence likewiſe it follows, that 
if a Veſſel, as ABC (repreſented Fig. 21.) 0 
any Form whatever, have its upper Part drawn 
out into a Capillary Tube, as B; and if thi 
Veſſel is filled with Water, and have its lower 
Orifice placed on FD the Surface of the fam: 
Fluid; then the Water will remain ſuſpended 
in the Veſſel, provided the Capillary at ti: 
Top be ſmall enough (was it continued down 
to the Bottom) to raiſe the Fluid to the Height 
B. Becaule, by Propoſition the fifth, the lower 
Part of the Tube makes no Alteration in the 
Height, at which the Capillary B is able to ful- 
tain the Fiuid. | 

VIII. And if the ſame Veſſel be filled only 
to the Height DE (Fig. 22.) and a Drop ci 

Water be put into the Capillary at B (the in 
termediate Part BDE being full of Air) the 
Water will continue ſuſpended at the Heigit 
DE. 

For, although the Fluid ACDE is not | 
Contact with the Drop of Water in the Ci 
pillary Tube, and therefore not immediate 
ſupported by it; yet the Preſſure of the Atmo 
ſphere upon the Surface FG, and againſt th 


upper Part of the Drop im the Cong : 
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keeps the Fluid AD EC, and the Drop, and the 
intermediate Air from ſeparating, juſt as in the 
former Caſe the Attraction of Coheſion in the 
Particles of the Water prevented a Separation 
between that in the Veſſel and that in the Ca- 
pillary. Conſequently, as the Water in the 
Capillary was able in the former Cale to ſuſtain 
as much Fluid as the Veſſel could contain, it is 
now ſufficient to ſuſtain the Fluid ADEC +. 
IX. Let there be a Capillary Siphon, as 
that repreſented Fig. 23, 24, or 25, and let EF 
be the Height, to which Water might be raiſcd 
by a Periphery equal to that at A. Now, ſince 
(as was obſerved, F. 2.) the lower End of a Tube 
when it is not immerged, cauſes a longer Co- 
lumn to be ſuſpended than otherwiſe would 
be; that is, it ſupports a ſhort Column beſides 
that which is ſuſtained by the attracting Peri- 
phery; let HI be the Height of ſuch a Co- 
lumn as might be ſuſpended by the End C: 
Then, if any of thoſe Tubes are filled with 
Water, and held as in the Figure (neither End 
being immerged) the Fluid will run out of 
the Tube at C, if CD the Difference of the 


( 


+ This happens quite otherwiſe in Vacuo, becauſe the Preſ- 
ure of the Air, which, as it were, connects the Drop with the 
Water ADE C, being wanting, it immediately falls for Want 
of a Support. Whereas the former Phznomenon equally ſuc- 
ceeds in Vacuo; which ſhews that the Parts of the Fluid in the 
Veſſel are connected with each other, and with that in the Ca- 
illary, by their own mutual Attraction of Coheſion, there 
8 nothing elſe whereby they can be ſupported. 


M Legs 
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Legs exceeds E F and HI added together, 
otherwiſe not. 

For the Column AB is 2 Counterpoiſe to 
B D, being of the ſame perpendicular Height; 
and therefore it is only the Weight of the Co- 
lumn CD which determines the Fluid to move; 
unleſs that Weight therefore exceeds the Force 
of the attracting Periphery at A (which the 
Fluid AB muſt leave in riſing up the Tube) 
and alſo what may be ſupported by the End 
C, that is (ex Hypoth.) two Columns whoſe 
Heights are FE and HI, it cannot run out at 
C; otherwiſe it will, as being deſtitute of a 
ſufficient Support. | 

X. If the End A is immerged in Water, and 
the other not (ſuppoſing the Tube full as be- 
fore) it will run out at C, though CD, the 
Difference of the Legs only exceeds H I. For 
then the Attraction at A ceaſes, and there is 
nothing to ſupport the Column CD, but the 
Power the End C has to prevent Drops from 
falling off it. 

XI. Again, if the End C is immerged in 
Water (and the other not) it will run out at 
C, if CD exceeds EF, otherwiſe not. 

For in this Caſe, there is nothing to ſupport 
the Column CD but the attracting Periphery 
at A, whoſe Power is ſuppoſed able to raiſe a 
Column as E F, and no more. 

XII. And if both Ends are immerſed' (the 
Tube being ſuppoſed full as before) the Water 
will run out at the lower, which ever it is. 


For | 
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For then the Attraction of both Ends ceaſes ; 
and the longer Column over-balancing the 
ſhorter, the Fluid is determined thereby to run 
out at the lower End, 

XIII. If either of the Tubes (Fig. 23 or 24.) 
are ſmall enough to raiſe the Water from A to 
B, and if the Orifice A is immerged, the Fluid 
will riſe to B, paſting on to C, where it will 
run out or be ſuſpended, according to the fore- 
going Caſes : But if the Periphery at G (Fig. 
25.) is ſuch as would ſupport a Column of 
the Length of A M only; and if the Tube be 
filled from A to G (the Extremity A being ſtill 
immerged as before) the Liquor will proceed 
no farther, but remain in the Poſition in which 
it is put. 

For that Fluid which has paſſed B, aſſiſts by 
its Weight the attracting Periphery, in raiſing 
the Column AB, and therefore it runs down to 
C. But if, when the Tube is filled to G, the 
Periphery there is not able to ſupport more than 
AM, the Difference of the Legs AB and BG, 
the Fluid muſt neceſſarily ſtand there; fince 
BG is no more than a Counterpoiſe to MB, and 
AM is ſuppoſed to be as much as the Periphery 
at G can ſuſtain. | 

XIV. 'Tho' a Capillary Tube be ſhorter than 
the Height to which its attracting Periphery is 
able to raiſe a Fluid, v. g. tho' the Tube A B 
(Fig. 26.) be ſmall enough (was it of ſufficient 
Length) to raiſe Water as high as C; yet 
when the End A is immerged, the Fluid will 

M 2 not 


70 Of Capillary Tubes. Part II. 


not run out at B, but only be ſuſpended at 
that Height. 

For when the Fluid is riſen as high as B, 
it has then no more Periphery above it, to at- 
tract it any farther; and if it was forced up a 
little above the End, it would be attracted back 
again by it T. 

XV. The Aſcent of different Fluids in the 
ſame Tube is various. Muf/chenbroek has found, 
that in a Tube in which Water will riſe to 
the Height of twenty-ſix Lines, Oil of Worm- 
wood will riſe but eighteen or nineteen, where- 
as Urine will riſe thirty-three or thirty-four. 


+ Hence we ſee the Abſurdity of ſuppoſing that a Fluid may 
be made continually to low from a lower Place to an higher by 
a Capillary Tube, as ſuch ; for whether the Tube be of ſuch 
Form, as is repreſented, Fig. 23, 24, 25, or 26, the Fluid will 
always ſtop when it comes at the higher End; becauſe the At. 
traction is then in a Direction contrary to its Motion; and the 
Weight of the whole Fluid, if the Tube is ſtrait, or of ſo much 
as is contained in DC, the Difference of the Legs, if it be 
crooked, 1s likewiſe an Impediment in it. 

Hence alſo the Abſurdity of ſuppoſing a Fluid to circulate by 
Virtue of a Capillary Tube, as ſuch. For ſuppoſe the Ends ot 
the Capillary Tube joined together, ſo that the Tube ſhall re- 
turn into itſelf ; if the Tube be not full of Liquor, the Liquor 
will place itſelf as near as poſſible to the ſmalleſt Part of the 
Tube, as may eaſily be inferred from what was obſerved in 
F. 6. and will reſt there: If it be full, in which Caſe the Ex- 
tremities of the Fluid join, then there is no Periphery or Zone 
of Particles lying part out of the Fluid, and part in it, and con- 
ſequently all Ground or Cauſe of Motion, ſo far as it ariſes 
from the Tube being capillary, is entirely taken away. And 
if Part of the Tube be capillary, and Part not, the Caſe is {til 
the ſame. How ridiculous then is it to affirm, as ſome have 


done, that the Circulation of the Animal Fluids is pro- 
moted by the Paſſages through which they flow, being of that 


The 


Kind. 
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The Reaſon of which is, becauſe ſome Fluids 
are attracted more ſtrongly by Glaſs than others 
are. Mercury exhibits Phænomena juſt the 
Reverſe of the former; for if the End of a 
Capillary Tube be immerſed below the Surface 
of that Fluid, it will not riſe in the Tube to a 
Level with that on the Outſide. This is be- 
cauſe the Particles of Mercury attract each 


other more forcibly than they are attracted by 
thoſe of Glaſs . | 


+ See Jurin's Diſſert. Philoſoph. Tranſ. No. 363. 

According to 8 the Length of the upper Part of 
a Tube, which 1s above the Height to which it is able to raiſe 
a Fluid, conduces ſomething towards the raifing it; and there- 
fore in a longer Tube a Fluid riſes higher than in one of the 
ſame Dimenſions that is ſhorter; and if a Tube, with ſo much 
Fluid contained in it as it is able to raiſe, be laid in an Hort- 
zontal Situation, the Fluid will run to the Middle of it. But 
of this I have had no Experience: Tis poſſible that ingenious 
Profeſſor, tho? very accurate in making Experiments, might 
herein be deceived. He acknowledges (Experiment the Fif- 
teenth) that it ſometimes happens otherwiſe. 


Other Authors, beſides thoſe already referred to, that have 
treated on this Subject, are, Boyle Exper. Phyſ. Mech. Exp. 9. 
durmius Colleg, Cur. Tentam. 8. Bernoulli Gravit. Ath. Hooke 
Microg. Obſer. 6. Leeuabenboet Continuat. Arcan, Nat. Epiſt. 
131. Sinclaire Art, Gravit. 
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DISSERTATION ME 
Of the Origin of Fountains. 


ANY have been the Conjectures of 
Philoſophers concerning the Origin of 
Fountains; and great Pains have been taken 
both by the Members of the Royal Society, 
and thoſe of the Academy of Sciences at Paris, 
in order to aſcertain the true Cauſe of it. It 
was ARISTOTLE's Opinion, and held by moſt 
of the antient Phileſophers after him, that the 
Air contained in the Caverns of the Earth, 
being condenſed by Cold near its Surface, was 
thereby changed into Water ; and that it made 
its Way through, where it could find a Paſſage. 
But we have no Experience of any ſuch Tranſ- 
mutation of Air into Water. 

Thoſe who imagine that Fountains owe 
their Origin to Waters brought from the Sea 
by ſubterraneous Ducts, give a tolerable Ac- 
count how they loſe their Saltneſs by Perco- 
lation, as they paſs through the Earth ; but 
ind great Difficulty in explaining by what | 
Power the Water riſes above the Level of the | 
Sea, to near the Tops of Mountains, where | 
Springs generally abound; it being contrary | 
to the Laws of Hydroſtatics, that a Fluid ous | 
_ rile 
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riſe in a Tube above the Level of its Source. 
However, they have found two Ways, where- 
by they endeavour to extricate themſelves 
from this Difficulty. The one is that of 
Des CARTEs, who imagines, that after 
the Water is become freſh by Percolation, 
it is raiſed out of the Caverns of the Earth 
in Vapour towards its Surface; where meet- 
ing with Rocks near the Tops of Moun- 
tains, in the Form of Arches or Vaults, it 
ſticks to them, and runs down their Sides 
(like Water in an Alembic) till it meets 
with proper Receptacles, from which it ſup- 
plies the Fountains. Now this is a mere 
Hypotheſis, without Foundation or Probabi- 
lity; for, in the firſt Place, we know of no 
internal Heat of the Earth to cauſe ſuch 
an Evaporation ; or {if that were allowed, yet 
tis quite incredible that there ſhould be any 
Caverns ſo ſmooth, and void of Protube- 
rances, as to anſwer the Ends of an Alembic, 
in collecting and condenſing the Vapours to- 
gether, in every Place where Fountains ariſe. 
There are others (as VARENIUSs, Sc.) who 
ſuppoſe that the Water may riſe through the 
Pores of the Earth, as through Capillary 
Tubes, by Attraction; but hereby they ſhew, 
that they are quite ounacquainted with what 
relates to the Motion of a Fluid through ſuch 
Tubes. For when a Capillary Tube opens in- 
to a Cavity at its upper End, or grows larger 

M 4 and 
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and larger, ſo as to ceaſe to be Capillary at that 
End; the Water will not aſcend through that 
Tube into the Cavity, or beyond where the 
Tube is Capillary ; becauſe that Part of the Pe- 
riphery of the Cavity, which is partly above the 
Surface of the Water, and partly below it, is 
not of the Capillary Kind. Nay, it the Ca- 
vity is continually ſupplied with Water, it will 
be attracted into the Capillary Tube, and run 
down it, as through a Funnel, if the lower End 
is immerged in the ſame Fluid, as in this Cafe 
it is {uppoſed to be *. "22 

It has been a generally received Opinion, 
and much eſpouſed by MaRRIOTTE (a diligent 
Obſerver of Nature) that the Riſe of Springs 
is owing to the Rains and melted Snow. Ac- 
cording to him, the Rain Water, which falls 
upon the Hills and Mountains, penetrating the 
Surface, meets with Clay or Rocks contiguous 
to each other, along which it runs, without 
being able to progres them, till being got to 
the Bottom of the Mountain, or to a confider- 
able Diſtance from the Top, it breaks out of 
the Ground, and forms Springs. 

In order to examine this Opinion, Mr. 
PEeRRAULT, DE LA HIRE, and D. S1Dpt- 
LEAU, endeavoured to make an Eſtimate of 


the Quantity of Rain and Snow that falls in 


See the foregoing Diſſertation, SeR. 14. 


the 
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the Space of a Year, to fee whether it would 
be ſufficient to afford a Quantity of Water 
equal to that which is annually diſcharged into 
the Sea by the Rivers. The Reſult of whoſe 
Inquiries was, that the Quantity of Rain and 
Snow which fell in a Year into a Cylindrical 
Veſſel, would fill it (if ſecured from evaporat- 
ing) to the Height of about nineteen Inches. 
Which Quantity D. SIDELEAU ＋ ſhewed, was 
not ſufficient to ſupply the Rivers; for that thoſe 
of England, Ireland, and Spain, diſcharge a 
greater Quantity of Water annually, than the 
Rain, according to that Experiment, 1s able to 
ſupply. Beſides which, another Obſervation 
was made by them at the ſame Time, viz. 
that the Quantity of Water raiſed in Vapour, 
one Year with another, amounted to about 
thirty-two Inches, which is thirteen more 
than falls in Rain : A plain Indication, that the 
Water of Fountains is not ſupplied by Rains 
and melted Snow. 
Thus the true Cauſe of the Origin of Foun- 
tains remained undiſcovered, till Dr. HALLE 
in making his Celeſtial Obſervations upon the 
Tops of the Mountains at St. Helena, about 
eight hundred Yards above the Level of the 
e, found that the Quantity of Vapour which 
fell there (even when the Sky was clear) was 


A Memoirs of the Royal Academy of Sciences for the Year 
1093, | 
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1 
ſo great that it very much impeded his Obſer. o 
vations, by covering his Glaſſes with Wat 8 
every Half- quarter of an Hour; and upon tha o 
attempted to determine by Experiment the d 
Quantity of Vapour exhaled from the Surfic 

of the Sea, as far as it riſes from Heat; in o:. | ! 
der to try, whether that might be a ſufficien WM in 
Supply for the Water continually diſcharged by Wi 
Fountains. The Proceſs of his Experiment va © 
as follows: He took a Veſſel of Water ſalted u hi 
the ſame Degree with that of Sea- Water, nM to 
which be placed a Thermometer; and by mem pr 
of a Pan of Coals, brought the Water to ne 
ſame Degree of Heat, which is obſerved to l 

that of the Air in our hotteſt Summer; th co 
done, he affixed the Veſſel of Water, with the the 
Thermometer in it, to one End of a Pair d the 


Scales, and exactly counterpoiſedit with Weight Ea 
on the other: Then, at the End of two Hou Ti 
he found by the Alteration made in the Weigl be 
of the Veſſel, that about a fixtieth Part of u the 
Inch of the Depth of the Water was gone eff Me 
in Vapour; and therefore, in twelve Hours, o Tu. 
tenth of an Inch would have gone off. Now laid 
this accurate Obſerver allows the MeaiterW'r : 
ranean Sea to be forty Degrees long, and fou of t 
broad; (the broader Parts compenſating fog Tur 
the narrower ; ſo that its whole Surface is obne 
hundred and fixty ſquare Degrees ;) which a Vap 
cording to the Experiment muſt yield at lei * 

bur 


Ave thouſand two hundred and eighty Million 
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of Tuns of Water. In which Account, no 
Regard is had to the Wind, and the Agitation 
of the Surface of the Sea; both which un- 
doubtedly promote the Evaporation. 

It remained now, to compare this Quantity 
of Water with that which is daily conveyed 
into the ſame Sea by the Rivers. The only 
Way to do which, was to compare them with 
ſme known River; and accordingly he takes 
his Computation from the River Thames, and, 
to avoid all Objection, makes Allowances, 
probably greater, than what were abſolutely 
neceſſary. 

The Mediterranean receives the following 
conſiderable Rivers, viz. the Iberus, the Rhone, 
the Tyber, the Po, the Danube, the Neiſter, 
the Boryſthenes, the Tanais, and the Nile. 
Each of theſe he ſuppoſes to bring down ten 
Times as much Water as the Thames; whereb 
he allows for ſmaller Rivers, which fall into 
the ſame Sea. The Thames then he finds by 
Menſuration to diſcharge about 20, 300, ooo 
Tuns of Water a Day. If therefore the above- 
lad nine Rivers yield ten Times as much Wa- 
ter as the Thames doth, it will follow, that all 
of them together yield but 1827 Millions of 
Tuns in a Day ; which is but little more than 
one Third of what is proved to be raiſed- in 
Vapour out of the Mediterranean in the ſame 
Time, We have therefore from hence a Source 
abundantly ſufficient for the Supply of Foun- 


duns. 


Now 
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Now having found that the Vapour exhale 
from the Sea, 1s a ſufficient Supply for the 
Fountains; he proceeds in the next Place 9 
conſider the Manner in which they are raiſed, 
and how they are condenſed into Water again, 
2nd conveyed to the Sources of Springs. 

In order to this he conſiders, that, if a 
Atom of Water was expanded into a Shel 
or Bubble, fo as to be ten Times as big i 
Diameter as when it was Water, that Aton 
would become ſpecifically lighter than Air; 
and therefore would riſe ſo long as the Warmth 


mn => © 4 BR wQy ee — 


which firſt ſeparated it from the Surface of : 
the Water, ſhould continue to diſtend it “ 
the ſame Degree; and conſequently, that Ve a 


pours may be raiſed from the Surface of the 
Sea in that Manner , till they arrive at a ce 
tain Height in the Atmoſphere, at which the 
find the Air of equal ſpecific Gravity wit 
themſelves. Here they will float, till being 
condenſed by Cold, they become ſpecifical 
Heavier than the Air, and fall down in Dev 
or being driven by the Winds againſt the Sides 
of Mountains (many of which far ſurpal 
the uſual Height to which the Vapours woul 
of themſelves aſcend) are compelled by tit 
Stream of the Air to mount up with! 


| thi 
to the Tops of them; where being condenl thi 
ed into Water they preſently precipitate, a g; 
the 

+ See this confuted in Diſſertation 6. A 
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letting down by the Cranies of the Stone, 
Part of them enters into the Caverns of the 
Hills; which being once filled, all the Over- 
plus of Water that comes thither, runs over 
by the loweſt Place, and breaking out by the 
Sides of the Hills, forms fingle Springs. Many 
of theſe running down by the Vallies between 
the Ridges of the Hills, and coming to unite, 
form little Rivulets or Brooks : Many of theſe 
again meeting in one common Valley, and 
gaining the plain Ground, being grown leſs 
rapid, become a River; and many of theſe 
being united in one common Channel, make 
ſuch Streams as the Rhine and the Danube; 
which latter, he obſerves, one would hardly 
think to be a Collection of Water condenied 
out of Vapour, unleſs we conſider how vaſt a 
Tract of Ground that River drains, and that 
it is the Sum of all thoſe Springs which 


4 break out on the South Side of the Carpa- 
V. than Mountains, and on the North Side of 

. the immenſe Ridge of the Alps; which is one 

c continued Chain of Mountains from Swtzer- 

* land to the Black Sea. 

. Thus one Part of the Vapours, which are 


blown on to the Land, is returned by the Ri- 
u eers into the Sea, from whence it came; ano- 
ther Part falls into the Sea before it reaches 


10! 


the Land ; and this is the Reaſon, why the 
Rivers do not return ſo much Water into 
the Mediterranean as is raiſed in Vapour. 
A third Part falls on the Low-Lands, and is 

the 
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the Pabulum of Plants, where yet it does not 
reſt ; but is again exhaled in Vapour by the 
Action of the Sun, and is either carried by the 
Winds to the Sea, to fall in Rain or Dew there 
or elſe to the Mountains, to become the Sources 
of Springs. : 
However, it is not to be ſuppoſed that al 
Fountains are owing to one and the ſame Cauſe; 
but that ſome proceed from Rain and melted 
Snow, which ſubſiding through the Surface of 
the Earth, makes its Way into certain Cavities, 
and thence iſſues out in the Form of Springs; 
becauſe the Waters of ſeveral are found to in- 
creaſe and diminiſh in Proportion to the Rain 
which falls: That others again, eſpecially ſuch 
as are ſalt, and ſpring near the Sea-ſhore, owe 
their Origin to Sea-Water percolated through 
the Earth; and ſome to both theſe Cauſes: 
Though without doubt moſt of them, and e{- 
pecially ſuch as ſpring near the Tops of high 
Mountains, receive their Waters from Vapours, 
as before explained *, 


* There is a certain Species of Springs which ebb and fon} 
alternately, and ſome that ceaſe to flow for a Time, which from 
thence are called reciprocating or intermitting ones. Their Re- 
ciprocations may be accounted for in the following Manner. 

Let ABC repreſent one Side of an Hill, in which there 184 
Cavity DEF, and from this a ſubterraneous Duct IKL. Now 
as this Cavity fills with Water (ſuppoſe from Vapours perg 
lating through the Surface of the Hill, or in any other Manneſ 
whatever) its Surface will riſe in the Du as it does in the Ca 
vity, till it arrives at M, the Level with the upper Part 0 the 
Duct; at which Time it will run over at K, filling KLA the 
Other Part of the Dut. Now if the perpendicular Height 0 


the Point K aboye L (or rather above A) be greater than 2 ö 
0 
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rpendicular Height above I, the Column KLA will overpoiſe 
the Column KI, and ſo cauſe the Water to run out at A, till its 
Surface in the Cavity ſinks as far as I (provided the Du& is 
large enough to convey the Water away faſter than it enters the 
Cavity) at which Time the Fountain at A will ceaſe to play, till 
the Surface of the Water in the Cavity riſes again to M, and 
runs over at K as before. The Reaſon why the Water continues 
running (when the Du& is once full) till its Surface ſinks to I, 
is becauſe the Air preſſing againſt it as it runs out at A, and alſo 
upon its Surface in the Cavity, keeps the Duct full, as long as 
the Water in the Cavity 1s high enough to feed its Orifice at I. 


See more on this Subject in Philoſoph. Tranſat. No. 119, 
189, 192, 384, 424. Hiſtoire de PAcad. 1693, 1703, 1713. 
Gulielmini della Natura de Fiumi. Dale's Hiſtory of Haravich. 
Marriotte's Hydroſtatics. Nienabentyt Contempt. 19. Farenixs 
Geograph. Cap. 16. Regnault, Vol. 2. Converſat. 6. Hales's 
Statical Eſſays, Vol. 1. Experiment 19. Micheletiy; in Append. 
al J. Bernouilli de Efferveſc. | 
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DISSERTATION IV. 


Of the Barometer. 


N treating of the Properties of the Air 
(Chap. III.) I have already taken Notice 
of the Conſtruction of the common Barome- 
ter; and proved, that the Aſcent and Suſ- 
penſion of the Mercury therein, is owing to 
the Preſſure * of the Air. I proceed now to 
a more particular Inquiry into the Original, 
and Uſe of this Inſtrument ; and the diffe- 
rent Forms under which it has appeared, ſince 
the Time of its Inventor Torricelli. 


In 


o ſay the Aſcent and Suſpenſion of the Mercury is owing 
to the Preſſure and Elaſticity of the Air, as is commonly done, is 
Inaccurate. The Variation, indeed, in the Height of the Mer- 
cury, may be aſcribed to the Elaſticity of the Air, but no other- 
wi, than as to its remote Cauſe; wiz. as it occaſions an Alte- 
ration in the Quantity of Air, impending over the Place where 
the Variation happens; which alters its Weight, and fo the 
Mercury 1s proportionably raiſed or depreſſed. To illuſtrate 
this, let it be ſuppoſed, that the Air is every where in AZquilibrio, 
quite round the Globe, and at perfect Reſt ; and then, that its 
Elaſticity, in ſome one Place near the Surface of the Earth, is 
wpmented by the Heat of the Sun, all the reſt of it remaining 
w before, The Conſequence of this will be, that the ſuperior 
Part of the Atmoſphere, over this Place, will be raiſed higher by 
the Expanſion of the inferior Air; and therefore, being uncon- 
ined, will ſpread itſelf, every Way, over the neighbouring 
Columns, which we ſuppoſe to retain their former State. The 
Gantity of Matter therefore in thoſe Columns of Air, in whoſe 
lower Parts its Elaſticity was increaſed, will be diminiſhed, and 


V0 1, I, N that 


i 
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Force, it would riſe to any Height whatever; 
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In the Beginning of the laſt Century it was 
a prevailing Opinion among Philoſophers, that 
the Univerſe was full of Matter; and that Na. 
ture (as they expreſſed it) abhorred a Vac 
um: Accordingly they imagined, that if 3 
Fluid was fucked up a Pipe with a ſufficient 


fince Nature would not ſuffer any Part of the 
Pipe to be empty. Galilæo, who floutiſh- 
ed about that Time, found upon Trial, that 
the common Pump would not raiſe Water, 
unleſs the Sucker reached within three and 
thirty Feet of its Surface in the Well : From 

hence 
that of the neighbouring ones augmented. A Barometer 
therefore placed in thoſe Regions, where the Air was rarefied, 
will ſubſide; while one in the neighbouring Countries will al- 


cend ; and they will continue at different Heights, till the der- 
ſer Air, ruſhing in upon the rarefied, reſtores the A7quilibrium, 


Thus we ſee, the Variation of the Air's Elaſticity is not the 


immediate Cauſe of the Variation in the Barometer; it firſt af- 
fects the Weight of the Air, by altering the Quantity incum- 
ent over any Place, and that affects the Barometer. But, if 
we may have Recourſe to remote Cauſes, we may, if we pleale, 
go one Step farther; and ſay, the Aſcent and Suſpenſion of 
the Mercury is owing to the Heat of the Sun; for, by the 
foregoing Inſtance, a Variation in the Heat of the Sun may 
ſometimes be the Occaſion of a Variation in the Height of the Pri 
Mercury, | 
Neither is the Suſpenſion of the Mercury, in a Tube, that ig 
kept within Doors, to be aſcribed to the Elaſticity of the Air; fo 7 
that exerts no Force, but as the internal Air is preſſed by theexterq as 
nal, which endeavours to get in, where-ever it can find a Way. | 


+ It is a common Notion, that a ſucking Pump will not raid 
Water above thirty-three Feet, whereas it will raiſe it to àn 
Height whatever, if the Sucker reaches within thirty-three Fee | * 
of the Surface of the Water; as will be evident to any one the _ 
couiders the Structure of tie Pump: For all the Water, ' "I 8 


Diſſert. IV. Of the Baromet er. 8 5 


hence he judiciouſly inferred, that a Column 
of Water thirty-three Feet high was a Coun- 
terpoiſe to a Column of Air of an equal Baſe; 
whoſe Height extended to the Top of the At- 
moſphere ; and that, for this Reaſon, the Wa- 
ter would not follow the Sucker any farther. 
Jorricelli, obſerving this, took the Hint; and 
conſidered, that, if a Column of Water of 
about thirty-three Feet was equal in Weight 
to a Column of Air of the tame Baſe ; a 


Co- 


has once paſſed through the Valve in the Sucker, is ſupported 
by that, as the Sucker is drawn up, and as the Sucker is let 
down it together with the Water between that and another 
placed in the Pump below, is ſupported by that other; ſo that 
the Height of the Water above the Sucker can be no Impedi- 
ment to the riſing of the Water below the Sucker, whatever 
the Length of the Column, which it forms, may be. The 
placing one Pump above another, where Water is to be raiſed 
from great Depths, is rather for Strength and Conveniency, 
than out of Neceſſity. 


perhaps it may be enquired here, how it comes to paſs, that 
the Column of Air, which preſſes upon the ſtagnant Mercury in 
the Baſon, is always ſuppoſed to have an equal Baſe with the 
ſuſpended Column in the Tube; whereas, in Reality, its Baſe is 
equal to the Surface of the ſtagnant Mercury? The Reaſon is, 
that, as the Baſe of the Column of Air increaſes, in the ſame 
Proportion the Velocity, wherewith it deſcends, decreaſes, when 
it forces down the Surface of the Mercury in the Baſon; con- 
at 18] ſequently its Moment, or Preſſure upon the Surface of the ſtag- 
for nant Mercury (fo far as it relates to the ſuſpending of it in the 
ner Tube) is no greater, than it would have been, had its Baſe 
Way been equal to that of the ſuſpended Column; and therefore, 
in conſidering it as ſuſpending a Fluid in a Tube, it is pro- 
raid dbperly enough ſaid to be a Column of ſuch a Baſe. 


Neither is this Suppoſition inconſiſtent with the ninth Pro- 
Poſition of the firſt Chapter, where it is demonſtrated, that the 
Preſſure of a Fluid is in Proportion to its perpendicular Height, 
and the Quantity of Surface, againſt which it preſſes. For, as 
tle Surface of the Mercury may be confidercd as a Baſe on "nw 
N 2 x the 
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Column of Mercury, no longer than about 
twenty-nine Inches and a half, would be ſo too; 
ſuch a Column of Mercury being as heavy, 
thirty-three Feet of Water. Accordingly he 
tried the Experiment in a Glaſs Tube (in the 
Manner laid down, Chap. III. §. 4.) and 
found it to ſucceed F. The Apparatus he made 

3 Ule 


the Column of Air reſts, fo the Baſe of the Column of Air 
may be conſider'd as a Surface againſt which the Mercury 
preſſes. Theſe two being equal, *tis clear, that only the Relation | 
of the Heights of the Columns are to be confidered, and not | 
that of their Baſes. 


t Notwithſtanding this clear Proof of the Preſſure of the At. 
moſphere, the Aſſertors of a Plenum would by no Means be 
prevailed upon to allow it to be ſuch ; but tried all Ways to k 
account for this Phenomenon from ſome other Cauſe. The mot 
chimerical Solution, and which at the ſame Time gave the ad- 
verſe Party the greateſt Difficulty to overthrow it, was that of b 


Linus. He contended, that in the upper Part of the Tube, there f 


is a Film, or Rope of Mercury, extended thro' the ſeeming 
Vacuity, and that the reſt was ſuſpended by it, and kept from th 
falling into the Laton ; and that this Film is able to ſupport Be 
about tWenty- nine Inches of Mercury. He confirms his H- 
$3thy/75 by the following Experiment: Take, ſays he, a ſmall WF pe 
Tube, open at both Ends, ſuppoſe about twenty Inches long; m. 
fill this Tube with Mercury, ſtopping the lower Orifice with ; 
your Thumb: Then clofing the upper with your Finger, and 
immerging the lower in ſtagnant Mercury, you ſhall perceive, 
upon the Removal of your 'Thumb, a manifeſt Suction of your j 
Finger into the Fube; and the Tube and Mercury will both 
ſtick {o cloſe to it, that you may carry them about the Room. Qu 
Therefore, ſays he, the internal Cylinder of Mercury in the * 
Tube is not held up by the preponderant Air without; for 1 

ſo, whence comes fo ſtrong a Suction, and fo firm an Adheſion T 
of the Tubeto your Finger ? 

Or if you fill the ſame Tube almoſt full of Mercury, leaving 
a little Space of Air within, and then immerge it in the ſtag- 
rant Mercury, you will find, that, notwithſtanding its Surface 


is at ſome Diſtance from your Finger, there will be a conjer N 
| able 
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Uſe of, is now the common Barometer, or 
Weather Glaſs “, 


The Mercury ſtanding at a leſs Height, the 
nearer it 1s carried to the Topof the Atmoſphere, 


able Suction of it, as before. From hence he infers, that the Fin- 
ger ſupports the Mercury, by Means of the above-mentioned 
Film, and that the Preſſure of the Atmoſphere is not concerned. 
But, when it was found, that the Mercury would not ſtand 
ſo high in the Tube, on the Top of a Mountain, as below; 
and would quite fall, when the circumambient Air was extract- 
ed from it by the Pump, all Objections vaniſhed ; and Linus's 
funicular Hypothbeſis (as it was called) though it ſeemed to ſolve 
all other Phænemena relating to the Suſpenſion of the Mercury, 
waz with Juſtice rejected. | 
Kirchber, when this new Doctrine of a Vacuum was firſt ad- 
vanced at Rome, contended, that the Authors of it were eſta- 
bliſhing Principles not only repugnant to thoſe of Nature, but 
juch as would be prejudicial to the Orthodox Faith; as endea- 
rouring to evince by this ſubtle Experiment, that there might 
be in Nature locatum fine loco, accidentia fine ſubjecto, and there- 
fore made the Experiment with Water, in the following Man- 
ner. He cauſed a ſmall Bell to be fixed in the upper Part of 
the Tube, imagining, that, if there ſhould be a Vacuum, the 
bell would not be made to ſound : But in making the Kxperi- 
ment, ſome Air got into the Tube (for he tells us, that but ten 
Feet of Water remained in the Tube, after it was inverted) 
the Bell therefore was heard to ſound ; and ſo the Notion of a 
Vacuum, till more accurate Experiments evinced the contrary, 
vas exploded with Contempt. 


* Huygens obſerved, that, if a Tube ſeventy-five Inches long, 
Ws filled with Mercury well purged of its Air, the whole 
Quantity of Mercury would remain ſuſpended ; whereas, ac- 
tording to the Torricellian Experiment, the Mercury ought to 
bare ſubſided to the Height of about twenty-nine Inches. 

The Cauſe of this Phanomena ſeeins to be, that, by the great 
Veight of ſo long a Column of Mercury, it was preſſed into ſo 
toſe Contact with the Glaſs in pouring in, that by the mutual 
traction of Coheſion between the Mercury and the Glaſs, the 
kicle Column was ſuſtained, after the Tube was inverted. 
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(Chap. III. S. 7.) renders it uſeful in determin. 
ing the Height of Mountains; and finding out 
the different Elevation of one Place above ano- 
ther. Accordingly, Dr. Halley has given vs a 
Table for that Purpoſe, in the Philoſophical 
Tranſactions Ne 181. ſhewing how many Feet 
each Inch in the Deſcent of the Mercury an- 
ſwers to, as it is conveyed to the Top of a Moun- 
tain, or other elevated Place. And Dr. Nett leton 
has done the like in the Philoſophical Tranſac- 
tions N* 388. ſhewing what Number of Feet 
anſwers to each tenth Part of an Inch, from 


twenty-ſix to thirty-one Inches of Mercury. 


But the principal Uſe of it is, to eſtimate 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wes— 
ther, which are conſequent thereon. To this 
End, Dr. Halley in the ſame Tranſaction has 
alſo laid down the more remarkable Phan 
mena, relating to the different Heights of the 
Mercury at different Times, together with the 
Solution of each; which are ſo juſt, and f 
agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving bis 
Account in his -own Words, rather than to 
render it imperfect, by endeavouring to va!) 
from it, or abridge it. 


& 1, In calm Weather, when the Air is in- 


« clined to Rain, the Mercury is common 


© low. 
IOW. #2 þ 
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« 2, In ſerene, good, and ſettled Weather, 
« the Mercury is generally high. 

« 2, Upon very great Winds, though they 
« be not accompanied with Rain, the Mercury 
« ſinks loweſt of all, with Relation to the 
Point of the Compaſs the Wind blows upon. 

« 4, Ceteris paribus, the greateſt Heights 
« of the Mercury are found upon eaſterly and 
« north- eaſterly Winds. 

« 5, In-calm froſty Weather, the Mercury 
generally ſtands high. 

«6. After very great Storms of Wind, 
« when the Mercury has been low, it gene- 
« rally riſes again very faſt. 

47. The more northerly Places have greater 
„ © Alterations of the Barometer, than the 
i Wl © more ſoutherly. ; 

2 « 8, Within the Tropics, and near them, 
„- © thoſe Accounts we have had from others, 
be and my own Obſervations at St. Helena, 
ne make very little or no Variation of the 
o © Height of the Mercury in all Weathers. 
not Hence I conceive that the principal Cauſe 
bis © of the Riſe and Fall of the Mercury, is from 
to © the variable Winds, which are found in the 
aryl temperate Zone, and whoſe great Incon- 
* ſtancy, here in England, is moſt notorious. 
A ſecond Cauſe is the uncertain Exhalation 
in- and Precipitation of the Vapours lodging in 
on the Air, whereby it comes to be at one Time 
much more crouded than at another, and 
N 4. „con- 


r 
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(Chap. III. §. 7.) renders it uſeful in determin. 
ing the Height of Mountains; and finding out 
the different Elevation of one Place above ano- 
ther. Accordingly, Dr. Halley has given vs x 
Table for that Purpoſe, in the Philoſophical 
Tranſactions Ne 181. ſhewing how many Feet 
each Inch in the Deſcent of the Mercury an- 
ſwers to, as it is conveyed to the Top of a Moun- 
tain, or other elevated Place. And Dr. Nett leton 
has done the like in the Philoſophical Tranſac- 
tions N* 388. ſhewing what Number of Feet 
anſwers to each tenth Part of an Inch, from 
twenty-ſix to thirty-one Inches of Mercury. 
But the principal Uſe of it is, to eftinute 
the Gravity of the Air at different Times, in 
Order to foreſee the Alterations of the Wes— 
ther, which are conſequent thereon. To this 
End, Dr. Halley in the ſame Tranſaction has 
alſo laid down the more remarkable Phant- 
mena, relating to the different Heights of the 
Mercury at different Times, together with the 
Solution of each; which are ſo juſt, and 
agreeable to true Philoſophy, that I doubt not 
but the Reader will excuſe me for giving bis 
Account in his own Words, rather than to 
render it imperfect, by endeavouring to yz!) 
from it, or abridge it, 


& 1, In calm Weather, when the Air is in 
« clined to Rain, the Mercury is common 
© low. | 

LOW. Sy 
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« 2, In ſerene, good, and ſettled Weather, 
« the Mercury is generally high. 

« 2, Upon very great Winds, though they 
« be not accompanied with Rain, the Mercury 
« ſinks loweſt of all, with Relation to the 
Point of the Compaſs the Wind blows upon. 

« 4, Ceteris paribus, the greateſt Heights 
« of the Mercury are found upon eaſterly and 
6 nor eaſterly Winds. 

« 5, In calm froſty Weather, the Mercury 

generally ſtands high. 

«6. After very great Storms of Wind, 
* when the Mercury has been low, it gene- 
. wy riſes again very faſt. 


» « 7. The more northerly Places have oreater 
„ © Alterations of the Barometer, than the 
bis more ſoutherly. 

12s «8, Within the Tropics, and near them, 


„. © thoſe Accounts we have had from others, 
the Wl © and my own Obſervations at St. Helena, 
the WI © make very little or no Variation of the 
off © Height of the Mercury in all Weathers. 
not © Hence I conceive that the principal Cauſe 
bis © of the Riſe and Fall of the Mercury, is from 
the variable Winds, which are found in the 
* temperate Zone, and whoſe great Incon- 
* ſtancy, here in England, is moſt notorious. 
A ſecond Cauſe is the uncertain Exhalation 
*and Precipitation of the Vapours lodging in 
* the Air, whereby it comes to be at one Time 
much more crouded than at another, and 
N 4. Con- 
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« conſequently heavier, but this latter in a great 
« Meafure depends upon the former. Now, 
« from theſe Principles, I ſhall endeavour to 
ic explicate the ſeveral Phenomena of the Ba- 
te rometer, taking them in the ſame Order ! 
& laid them down. Thus, 

1. The Mercury's being low inclines it 
* to rain, becauſe, the Air being light, the 


« Vapours are no longer ſupported thereby, 


te being become ſpecifically heavier than the 
Medium wherein they floated, ſo that they 
c deſcend towards the Earth, and in their Fall, 
te meeting with other aqueous Particles, they 
*« incorporate together, and form little Drops 
* of Rain; but the Mercury's being at one 
% Time lower than at another, is the Effect of 
e two contrary Winds blowing from the Place 
* where the Barometer ſtands; whereby the 
« Air of that Place is carried both Ways from 
ce it, and, conſequently, the incumbent Cylin- 
te der of Air is djminiſhed, and accordingly the 
« Mercury ſinks: As for Inſtance, if in tbe 
German Ocean it ſhould blow a Gale of 
« weſterly Wind, and at the ſame Time an 
«* eaſterly Wind in the Lib Sea; or if in 
France it ſhould blow a northerly Wind, 
% and in Scotland a ſoutherly; it muſt be 
e granted, that that Part of the Atmoſphere, 
« 1mpendant over England, would thereby be 


e exhauſted and attenuated, and the Mercury 
e would ſubſide, and the Vapours, r | 
: As {8 | 60 ore 


* 
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fore floated in thoſe Parts of the Air of 
equal Gravity with themſelves, would fink 
to the Earth. 

« 2, The greater Height of the Barometer 
is occaſioned by two contrary Winds blow- 
ing towards the Place of Obſervation, where- 
by the Air of other Places is brought thither 
and accumulated; ſo that the incumbent 
Cylinder of Air, being increaſed both in 
Height and Weight, the Mercury preſſed 
thereby muſt needs ſtand high, as long as 
the Winds continue ſo to blow; and then 
the Air being ſpecifically heavier, the Va- 
pours are better kept ſuſpended, ſo that they 
have no Inclination to precipitate and fall 
'down in Drops, which is the Reaſon of the 
ſerene good Weather which attends the 


he greater Heights of the Mercury. 

m Wl © 3- The Mercury ſinks the loweſt of all by 

in- the very rapid Motion of the Air in Storms 

the of Wind. For the Tract or Region of the 
Earth's Surface, wherein the Winds rage, 


not extending all round the Globe, that 
ſtagnant Air which is left behind, as like- 
wile that on the Sides, cannot come in fo 
laſt as to ſupply the Evacuation made by fo 
{wit a Current, ſo that the Air muſt neceſ- 
arily be attenuated, when and where the 
aid Winds continue to blow, and that more 
leſs, according to their Violence : Add 

o which, that the horizontal Motion of the 
66 Air 


e faction . 


moſt rarefied, and lighteſt ; which is a ſufficient Reaſon fort 
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« Air being ſo quick as it is, may, in all Py. 
e bability, take off ſome Part of the perpend. 
* cular Preſſure thereof; and the great Ag. 
* tation of its Particles is the Reaſon why the 
% Vapours are diſſipated, and do not condenſ 
* into Drops, fo as to form Rain, otherpit 
* the natural Conſequence of the Air's Rar. 


* 4. The Mercury ſtands the higheſt upy 
* the eaſterly and north-eaſterly Wind, be. 
* cauſe in the great Atlantic Ocean, on thi 
« Side the thirty-fifth Degree of north Lai. 
* tude, the Winds are almoſt always weſte- 
« ly or ſouth-weſterly; fo that, whener 
* here the Wind comes up at eaſt and north 
*« eaſt, tis ſure to be checked by a contriy 
© Gale as ſoon as it reaches the Ocean; where 
* fore, according to what is made out in out 
*« ſecond Remark, the Air muſt needs be heq- 


© + The Reaſon the Doctor aſſigns for the ſnking of the Mer 
cury the loweſt of all in violent Storms of Wind, ſeems notfut 
ficient. Perhaps it may be better accounted for thus; the Cauk 
why the Wind blows at all, is in order to reſtore the pull 
brium of the Atmolphere, when loſt (as may be inferred fron 
what was ſaid in the firſt Note of this, and will be more largd 
explained in the following Diſſertation ;) it therefore alway 
blows towards that Point, where the Air is moſt rarefied att 
lizhteſt. Now the Air, in its Progreſs to that Poiat, ml 
certainly move faſter and faſter; for the Cauſe, which gave 
Motion at firſt, continues to act upon it all the Way. Col 
ſequently, in whatever Place the Wind blows with great . 
pidity, that Place is at, or near the Point, where the Air 


Mercury's ſtanding low at that Place. 


6 «q 
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ed over this Iſland, and conſequently the 
Mercury muſt ſtand high, as often as theſe 
Winds blow. This holds true in this Coun- 
try, but is not a general Rule for others, 
where the Winds are under different Cir- 
cumſtances; and J have ſometimes ſeen the 
Mercury here as low as twenty-nine Inches 
upon an caſterly Wind, but then it blew ex- 
ceeding hard, and ſo comes to be accounted 
for, by what was obſerved upon the third 
Remark. 

« 5, In calm froſty Weather the Mercury 
generally ſtands high, becauſe (as I con- 
ceive) it ſeldom freezes, but when the Winds 
come out of the northern, and north-eaſtern 
Quarters ; or, at leaſt, unleſs thoſe Winds 
blow at no great Diſtance off: For the 
north Parts of Germany, Denmark, Swe- 
den, Norway, and all that Tra& from 
F whence north-eaſtern Winds come, are 
ſubject to almoſt continual Froſt all the 
Winter; and thereby the lower Air is very 
much condenſed, and in that State is brought 
hitherwards by thoſe Winds, and being ac- 
cumulated by the Oppolition of the weſter- 


* ly Wind blowing in the Ocean, the Mer- 
u cury muſt needs be preſſed to a more than 
1 ordinary Height; and, as a concurring 

J Cauſe, the ſhrinking of the lower Parts of 


the Air into leſſer Room by Cold, muſt 
1 „needs 


4 
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more ſwiftly, to bring it to an Æguilin 


« ſhould fink lower in that Extream; an 


te needs cauſe a Deſcent of the upper Parts, 
« the Atmoſphere, to reduce the Cavity may 
by this Contraction to an /Equilibrium, 

«© 6, After great Storms, when the Mer. 
e cury has been very low, it generally ric 
e apain very faſt; I once obſerved it to ri 
« one Inch and a half in leſs than fix Hour, 
« after a long continued Storm of fouth-yel 
« Wind. The Reaſon is, becaule the Air be 
« ing very much rarefied, by the great En 
ce cuations which ſuch continued Storms make 
te thereof, the neighbouring Air runs in the 


c 43; as We ſee Water runs the faſter f 
ce having a greater Declivity. 

«« 7. The Variations are greater in the mon 
ce northerly Places, as at Stockholm, greate 
te than that at Paris (compar'd by M. Pi 
* chal;) becauſe the more northerly Part 
* have uſually greater Storms of Wind thi 
the more ſoutherly, whereby the Mercur 


ce then the northerly Winds bringing the mot 
« denſe and ponderous Air from the Neigb 
ce bourhood of the Pole, and that again bein 
checked by a ſoutherly Wind at no gra 
«« Ditftance, and ſo heaped, muſt of Necefiit 
„make the Mercury in ſuch Caſe ſtand hight 
< in the other Extream. 


« 8, Lal. 
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« 8, Laſtly, this Remark, That there is lit- 
: tle or no Variation near the Equinoctial, 
does above all others confirm the Hypothe- 
n of the variable Winds being the Cauſe of 
& theſe Variations of the Height of the Mer- 
© cury; for, in the Places above-named, there 
eis always an eaſy Gale of Wind blowing 
nearly upon the ſame Point, vig. eaſt-north- 
© eaſt at Barbagoes, and eaſt-ſouth-eaſt at St. 
Helena *, fo that, there being no contrary 
© Currents of Air to exhauſt or accumulate 
'it, the Atmoſphere continues much in the 
' ſame State: However, upon Hurricanes (the 
moſt violent of Storms) the Mercury has been 
' obſerved very low, but this is but once in 
' two or three Years, and it ſoon recovers its 
'kttled State, about 29 + Inches.“ 


Monſieur Letbnitz accounted for the De- 
ent of the Mercury before Rain, upon ano- 
her Principle , viz. as a Body ſpecifically 
phter than a Fluid, while it is ſuſpended by 
„adds more Weight to that Fluid, than 
Fen, by being reduced in its Bulk, it be- 


beingemes ſpecifically heavier, and deſcends ; fo 
greiſhde Vapour, after it is reduced into the Form 
eſt! Clouds, and deſcends, adds leſs Weight to 
igbeßßde Air, than before; and therefore the Mer- 


ee the Cauſe of this afligngd in the following Diſſertation, 


Memoir. de P Acad. 1 711, 
cury 


ing prevented by the Reſiſtance of the Fluid; 
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cury falls. To which it is anſwered, 3 
That, when a Body deſcends in a Fluid, its Mg. 
tion, in a very little Time, becomes uniform 
(or nearly ſo) a farther Acceleration of it he. 


and then, by the third Law of Nature, it preſ 
the Fluid downwards, with a Force equi 
to that whereby it tends to be farther accele- 
rated, that is, with a Force equal to its whole 
Weight. 24dly, The Mercury, by its Deſcen, 
foretells Rain a much longer Time before it 
comes, than the Vapour, after it is condenſe 
into Clouds, can be ſuppoſed to take up in 
falling. 3dly. Suppoſing that as many J 
pours as fall in Rain, during the Space ef 
whole Year, were at ence to be condenſe 
into Clouds, and even quite ceaſe to gravitat 
upon the Air, its Gravity would ſcarce be d 
miniſhed thereby, ſo much as is equivalen 
to the Deſcent of two Inches of Mercury i 
the Barometer. Farther, in many Places be 
tween the Tropics, the Rains fall at certa 
Seaſons, in very great Quantities *, and yet tl 
Barometer ſhews there very little or no Alter: 
tion in the Weight of the Air. 

The following are Mr. Patrick's Obſers 
tions on the riſing and falling of the Mercu! 
They are very juſt, and are to be accounts 


1 


10 


- —— — > 


See Diſſertation the IVth. 
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or on the ſame Principles with thoſe of Dr. 
Halley. | 


« 1, The riſing of the Mercury preſages in 
F general fair Weather; and its falling, foul 
« Weather; as Rain, Snow, high Winds and 
« Storms. | 

« 2, In very hot Weather, the falling of 
« the Mercury foreſhews Thunder. 

« 3. In Winter the riſing preſages Froſt ; 
«and in froſty Weather, if the Mercury falls 
« three or four Diviſions, there will certainly 
« follow a Thaw. But in a continued 
Froſt, if the Mercury riſes, it will certainly 
now. 

« 4, When foul Weather happens ſoon after 
the falling of the Mercury, expect but little 
'of it. And, on the contrary, expect but 
little fair Weather, when it proves fair 
ſhortly after the Mercury has riſen. 

* 5, In foul Weather, when the Mercury 
'nſes much and high, and ſo continues for 
'two or three Days before the foul Weather 
is quite over, then expect a Continuance of 
' fair Weather to follow. 

* 6, In fair Weather, when the Mercury 
falls much and low, and thus continues for 
two or three Days before the Rain comes; 


ten expect a great deal of wet, and proba- 
'bly high Winds, 


« -, The 
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c« 7, The unſettled Motion of the Mercury 
« denotes uncertain and changeable Weather, 

« 8, You are not ſo ſtrictly to obſerve the 
« Words engraved on the Plates (though, for 
te the moſt Part, it will agree with them) 2 
« the Mercury's Riſing and Falling: For if 
it ſtands at Much Rain, and then riſes up 
« to Changeable, it preſages fair Weather, al. 
« though not to continue ſo long, as it would 
have done, if the Mercury were higher: 
« And ſo on the contrary, if the Mercury 
« ſtood at Fair, and falls to Changeable, it 
© preſages foul Weather; though not ſo much \ 
« of it, as if it had ſunk down lower.“ 


From theſe Obſervations, it appears, That 
it is not ſo much the Height of the Mercury 
in the Tube, that indicates the Weather, as the 


Motion of it up and down; wherefore in o , 
der to pals a right Judgment of what Weathell 1; 
is to be expected, we ought to know, whe 
ther the Mercury is actually Ring or Falling 
to which End, the following Rules are ol N 
Ule. | A 
| | s th 
1. If the Surface of the Mercury is conver xx 
ſtanding higher in the Middle of the Tube In 
than at the Sides, it is generally a Sign tha _ 
the Mercury is then riſing. thi 


2. If the Surface is' concave, or hollow ! 
the Middle, it is finking. And, 
| 3. 
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3. If it is plain, the Mercury is ſtationary, 
or rather, if it is a little convex ; for Mercu 
being put into a Glaſs Tube, eſpecially a ſmall 
one, will naturally have its Surface alittle con- 
vex; becauſe the Particles of Mercury attract 
each other more forcibly than they are attract- 
ed by Glaſs, Further, | 

4. If the Glaſs is ſmall, ſhake the Tube; 
and if the Air is grown heavier, the Mercury 
will riſe about half the tenth of an Inch higher, 
than it ſtood before; if it is growing lighter, 
W it will fink as much. This proceeds from the 
WM Mercury's ſticking to the Sides of the Tube, 
which prevents the free Motion of it, till it is 
diſengaged by the Shock. And therefore, when 
an Obſervation is to be made with ſuch a Tube, 
it ought always to be ſhaken firſt ; for ſome- 
times the Mercury will not vary of its own 
Accord, till the Weather, it ought to have in- 
dicated, is preſent. 


The Uſefulneſs of knowing whether the 
Mercury is actually riſing or falling, and the 
Advantage that would ariſe from perceiving 
the moſt minute Variations in eſtimating the 
Heights of Places, have given Occaſion to the 
Invention of ſeveral Kinds of Barometers differ- 
ent from the Torricellian, though founded on 
the ſame Principle; wherein the Scale of Vari- 
ation, which in that is not aboye three Inches, 

Vol. I. O ſhould 
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ſhould be conſiderably larger. Of which I am 


now to give ſome Account. 


1. The firſt is that of Des Cartes, which was 
made in the Form expreſſed, Fig. 28, where 
AB is a Tube heremetically * ſealed at A, and 
having its lower Orifice immerged in ſtagnant 
Mercury EF, and filled with the ſame Fluid 
to G, from thence to H with Water, and emp- 
ty from thence to the Top. Now, when the 
Mercury riſes in this Tube, ſuppoſe from G to 
L, the Water will be raiſed in the ſmall Tube, 
perhaps from H to M, viz. as many Time 
further, as the Tube CA 1s ſmaller than CD; 
by which Means the Variations become much 
more ſenſible, than they are in the common 
Barometer. The Inconvenience of this was, 
that the Air, included in the Water, getting 
looſe by Degrees, filled the void Space at the 
Top, and ſo ſpoiled the Machine. 

2. He then contrived it thus, ABC (Fig. 29.) 


15 a bent Tube hermetically ſealed at A, filled =g 
with Water from F to D (tinged with Aguo 805 
Regia to prevent its freezing) from D to E with - 
Mecrcuty, and empty from thence to the Top. 3 
Then, upon the Mercury's riſing, ſuppoſe from = 

onl; 


A Taube is ſaid to be hermetically ſealed, when the End is 0 tu 
cloſed, that nothing can poſſibly evaporate through it. And, 
becauſe this is belt done, when it js cloſed up with its owng mul 
Subſtance ; or when its Bore does not reach quite to the End cur 
of it, it is chen faid to be hermetically ſealed. ) 


Et 
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E to M, and falling as much at D, the Surface 
of the Water at F would fink ſo many Times 
farther than the Surface of the Mercury at D, 
as the Tube CG was ſmaller than GH. The 
Water here 1s hable to evaporate, though that 
may, in ſome Meaſure, be prevented, by pour- 
ing a few Drops of Oil of ſweet Almonds 
upon it. Others have contrived, 

3. The Horizontal or Rectangular Barome- 
ter (Fig. 30.) hermetically ſealed at A, and 
filled with Mercury from D to E; then, as the 
upper Surface of it riſes in the Tube, ſuppoſe 
from E to F, the lower will be driven from D 
to G, as many Times farther, as this Part of 
the Tube is leſs than that at E. But it often 
happens, that ſome Parts of the Mercury break 
off from the reſt in the Leg BC, and are left 
behind. This Inconvenience is remedied in, 

4. The Diagonal Barometer ABC (Fig. 31.) 
wherein the Mercury, inſtead of riſing from B 
to D (ſuppoſe that Space to correſpond to the 
Scale of Variation in a ſtrait Tube) will riſe 
from B to A; for it will always ſtand at the 
lame perpendicular Height, whatever be the | 
Inclination of the Tube ; becauſe Fluids preſs 
only according to their perpendicular Alti- 
tude . But AB the upper Part of the Tube 
muſt not be too much inclined, left the Mer-. 
cury break in it, as in the former. 


* Chapter I. § 9. 
O 2 5. AB 


102 . Of the Barometer. Part ll. 


5. AB (Fig. 32.) is Dr. Rook's Wheel 
Baromeer, wherein ABD is a Tube filled 
with Mercury from à to E; a is an Iron Ball, 
ſwimming on the Sur face of the Mercury; this, 
as it ſubſides with the Surface of the Mercury, 
draws the little Wheel n round, to whoſe 
Circumference it is fixed by Means of the 
String ac *: This Wheel carries the Index 
PQ, which points to the graduated Edge of 
the Circle KL, and by its Motion ſhews the 
moſt minute Variations of the Mercury. When 
the Ball à is raiſed by the Mercury on which 
it ſwims, the Index is drawn the contrary 
Way by a lefler Ball &, which hangs on the 
other Side the Wheel. The Friction in this 
Machine, unleſs it be made with great Accu- 
racy indeed, renders it uſeleſs. 

6. The pendant Barometer is another Con- 
trivance to render the Variations more ſenſible, 
It conſiſts of a ſmall conical Tube, (repreſent- 
ed Fig. 33.) hermetically ſealed at A, and filled 
with Mercury from C to D, and empty from 
thence to A. Now, ſuppoſing the Gravity of 
the Air increaſed, it will raiſe the Mercury 
higher in the Tube, and fo force it into a nar- 
rower Part; by which Means the Column be- 
coming longer, its perpendicular Preſſure upon 
the Air below will be proportionably increaſed. 


* The Tube is ſmaller at à than at E, that the greateſt Varia. 
tion may be at that Surface of the Mercury on which the Ball 
reſts. 


Cn 
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On the contrary, when the Air becomes light- 
er, the Mercury deſcends into a larger Part of 
the Tube, and by that Means has the Length 
of its Column proportionably contracted. The 
Inconvenience that attends this Barometer, is 
that the Tube muſt be very ſmall, otherwiſe 
the Mercury will fall out; or the Air will be 
apt to get into it, and divide the Column in 
ſeveral Places; and when the Tube is very 
ſmall, the Friction of the Mercury againſt the 
Sides of it, will hinder it from riſing and fall- 
ing freely. 

7. Dr. Hock, obſerving how unfit the com- 
mon Barometer was to be uſed on Board of 
Ship, by Reaſon its Poſition ought to be ſteady, 
contrived the following one, called, from its 
Uſe, a Marine Barometer, conſiſting of two 
Parts, the one AB (Fig. 34.) the common 
Spirit Thermometer, the other CD, a Tube 
filled with Air from C to E, and from thence 
tothe End D with tinged Water. This End is 
immerged in the ſame Fluid contained in the 
Veſſel GF; and having its Surface expoſed to 
the Preſſure of the external Air. Now, the laſt 
of theſe Machines will be affected both by the 
Warmth of the external Air, and alſo by its 
Preſſure: The former dilating the Air includ- 
ed in CE, and by that Means driving the Wa- 
ter downwards; the latter preſſing it up higher 
in the Tube: Whereas the other, viz. AB, is 
affected by the Warmth of the Air alone. Con- 

O 3 | ſequently, 
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ſequently, were theſe Inſtraments graduated in 
ſuch a Manner, that, if the Gravity of the ex. 
ternal Air ſhould always remain the ſame it 
was when the Inſtruments were made, their 
Variations (then only depending on its Warmth) 
thould exactly correſpond with each other; 
that is, when the Spirit in the Tube AB 
ſhould aſcend to 1, the Water in CD ſhould 
aſcend to 1, &c. Then, whenever their Va- 
riations ſhould be obſerved to differ from each 
other, the Difference could only be aſcribed 
to ſome Alteration in the Preſſure of the Air 
upon the Surface of the Water in the Veſſel 
GF. In Proportion therefore as the Diffe- 
rence is greater, or leſs, ſo is the Alteration in 
the Gravity of the Air, from what it was when 
the Inſtruments were adjuſted. For Inſtance, 
when the Water ſtands above the Diviſion, 
which correſponds to that, which the Spirit 
points to in the other Machine, it 1s an Indi- 
cation, that the Preſſure of the Air is greater 
at that Time, than when the Inſtruments 
were graduated, and vice verſd, 


This Machine is not only more uſeful at 
Sea, than the common one, as not requiring 
a ſteady Poſition ; but may have its Scale of 
Variation conſiderably enlarged, by making 
the Bore of the Tube CD very ſmall, in Pro- 
portion to the Capacity of its Head C. 


But 


* . * * 
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But it is obſerved, that, in long keeping the 
Inſtrument, the included Air loſes ſomewhat 
of its Elaſticity ; whereby, in Proceſs of Time, 


the Water ſtands higher than it ought, and 


therefore indicates the Gravity of the Air. to 
be greater than what it is. 

In the Philoſophical Tranſactions, N* 427. 
[| have given an Account of a Barometer, 
wherein the Scale of Variation may be in- 
creaſed ad Infinitum. The Deſcription of it 
is as follows: ABCD (Fig. 35.) is a cylin- 
drical Veſſel, filled with a Fluid to the Height 
W, in which is immerged the Barometer 
SY, conſiſting of the following Parts: The 
principal of which is a Glaſs Tube TP, (re- 
preſented ſepatately at 7p) whoſe upper End 
T is hermetically fealed : This End does 
not appear to the Eye, being received into 
the lower End of a Tin Pipe GH, which 
nits other End G receives a cylindrical Rod, 
or Tube ST, and thereby fixes it to the Tube 
TP. This Rod ST may be taken off, in 
order to put in its Stead a larger, or leſſer, 
as Occafion requires. S is a Star at the Top 
of the Rod ST, and ſerves as an Index, by 
pointing to the graduated Scale LA, which 1s 
fred to the Cover of the Veſſel ABCD. 
VN is a large cylindrical Tube made of 
Tin (repreſented ſeparately at mn) which 
receives in its Cavity the ſmaller Part of 
the Tube TP, and is well cemented to it 


O 4 at 
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at both Ends, that none of the Fluid may get 
in. 

The Tube TP, with this Apparatus, being 
filled with Mercury, and plunged into the 
Baſon V, which hangs by two, or more Wires, 
upon the lower End of the Tube MN, muſt 
be ſo poized, as to float in the Liquor con- 
tained in the Veſſel ABCD, and then the 
whole Machine will riſe, when the Atmo- 
ſphere becomes lighter, and vice verſa. 

I ſhall here add a Computation, in order to 
ſhew the Poſſibility of the Variation being 
infinite, upon a given finite Variation of the 
Weight of the Atmoſphere, and withal the 


Reaſon why it may be ſo. Thoſe who would 
ſee a Mathematical Proof of it, may conſult 
the Note below “. 


Let 


® Let the ſpecific Gravity of Quickſilver be to that of Wa- 
ter, or to the Liquor the Barometer floats in, as to i; and if 
it be propoſed, that the Variations in this compound Barome- 
ter ſhall be to the contemporary Variations of the common Ba- | 
rometer in the given Ration of x to 1, this Effect will be ob- | 
tained, by making the Diameter of the Rod ST to the Diameter 


of the Cavity of the Tube HI, as . . to 1, which may be | 
thus demonſtrated, | ns | 


Let us ſuppoſe, that the Variation in the Height of the Quick- 
ſilver in the common Barometer, which we will call v, is ſuch, | 
that a cubic Inch of Quickſilver ſhall riſe into the Vacuum XT; 
in order to which, a cubic Inch of Quickſilver muſt riſe from 
the Veſſel V; that is, the Surface P muſt ſubſide fo far, that a 
cubic Inch of Water, (if that be the Fluid made Uſe of) ſhall } 
enter the Veſſel V, by which Means the Barometer with the 
Parts annexed will be heavier by a cubic 1. © ad. | 
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Let it be ſuppoſed that the Fluid made uſe 


f is Water, and that the given Variation in 
Due Weight of the Atmoſphere is ſuch, that, 


by 
Now this additional Weight of a cubic Inch of Fluid, will 
wake the whole Barometer ſubſide (according to the Laws of 
Kydroftatics) till a cubic Inch of the Rod HS, immediately ex- 
int above the Surface at W, ſhall come under it; but the 
W -oth of ſuch a Magnitude of HS will exceed the Length of 
equal Magnitude of Quickhlver in the larger Tube X, as 
any Times as the Square of the Diameter at X exceeds the 
WE cure of the Diameter at H (the Length of equal Cylinders 
Wing reciprocal to their Baſes.) That is, the perpendicular 
Deſcent of the compound Barometer will be to v, the perpen- 
iculzr Aſcent of the Mercury in the common Barometer, as 4 
01 (ſuppoſing this the Ratio of their Baſes) and conſequently 
ill be equal to dv. 
But, by this Deſcent, the Diſtance PW, between the Surface 
f the ſtagnant Quickfilver and the Top of the Fluid, will be 
wemented by a Column, whoſe Height is dv, the Deſcent of 
e compound Barometer; and conſequently the Weight of the 
hole Column of the Fluid preſſing on the lower Surface of rhe 
duickfilver (to which the Height X is partly owing) will be 
creaſed by a Column of that Length; and this Increaſe would 
roduce a ſecond Aſcent of the Mercury at X equal to itſelf, 
mely, dv, were the Fluid as heavy as Quickſilver; but ſince 
's ſuppoſed to be lighter in the Ratio of 5 to 1, the Aſcent of 


de Quickſilver, on this Account, will only be 2. | 


But now, as in the former Caſe, when the Aſcent of the Mer- 
Wy was a the Deſcent of the compound Barometer was fhewn 


3 + GO 
de av; fo here, the Aſcent of the Mercury being, the De- 
by 


: 4 5 
ent of the compound Barometer will be , and the next De- 
* 
daddy '+ & 


: ” 5.8. - Ys ; EE 
eat ——, and the next — and ſo on to Infinity. There- 
f 8 - 


| the whole Deſcent of the compound Barometer, is to the Aſ- 


lt of the Mercury inthe common Barometer. that is, z is to 1 
dd 444 4 a 
\ | . & 4 
121 —+—+, Sc. to 1, er as — toi; becauſe, 
5 F ; Jon 


i Terms of the Series being in geometrical Proportion, 
the 
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by preſſing upon the Surface of it at W, the Sur. 
face of the Mercury at X may be raiſed an Inch 
higher (meaſuring from its Surface at P) tha 
before; and that the Breadth of the Cavity of 
the Tube at X, and of the Baſon at P are ſuch, 
that, by this Aſcent of the Mercury, there may 
be a cubic Inch of it in the Cavity X more 
than before, and conſequently in the Baſon x 
cubic Inch leſs. Now, upon this Suppoſttion, 
there will be a cubic Inch of Water in the Ba. 
ſon more than there was before; becauſe the 
Water will ſucceed the Mercury to fill up it 
Place. Upon this Account the whole Ma- 
chine will be render'd heavier than it was be- 
fore, by the Weight of a cubic Inch of Wa. 
ter, and therefore will fink, according to the 
Laws of Hydroſtatics (Chap. II. S. 5.) till 
cubic Inch of that Part of the Rod WS, which 


the Sum of them all 5 Hence we have 2 = N and 


— — 


therefore ns = ds + da; that is, i: 4: : 147: 52122 
ns 
and therefore, by extracting the ſquare Roots of each Tem 


in the Proportion, 1: /d (that is, the Diameter of ST t0 
the Diameter of HI) as * to 1. Q. E. D. 


ns 
Example 1. Putting 5 = 14 and = 1, the Variation in each... 
Barometer will be equal, by taking the Diameter of ST to th bis 
Diameter of HI, as 728 to 1, that is, as 3o to 29 nearly. of 
4 | 
Example 2. If u be put infinite, the Diameter of ST will b met 


* 1 — "0 
to the Diameter of HI, as / — to 1, or 1 to / 14; that! 
| s 


as 1 to 3 J nearly, 


ö 
$7” 1 
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1s above the Surface of the Water at W, 
omes under it. Then, if we ſuppoſe this Rod 
© mall, that a cubic Inch of jt ſhall be fours 
een Inches in Length, the whole Machine 
vill fink fourteen Inches lower in the Fluid 
than before, and conſequently the Snrface of 
he Mercury in the Baſon will be preſſed more 
than it was before, by a Column of Water 
fourteen Inches high. But the Preſſure of 
durteen Inches of Water is equivalent to one 
Mercury (becauſe Water is about fourteen 
imes lighter than Mercury ;) this additional 
refure therefore will make the Mercury aſ- 
end at X, as much as the ſuppoſed Variation 
nthe Weight of the Air did at firſt. This Aſ- 
ent will give Room for a ſecond cubic Inch of 
Water to enter the Baſon; the Machine will 
hereſore be again rendered heavier by the 
Weight of ſo much Water, and accordingly 
"ll ſubſide fourteen Inches farther. This will 
ccaſion another additional Preſſure of Water, 
mich will raiſe another Inch of Mercury, and 
ke the Machine fink fourteen Inches more, 
d ſo on, without ever approaching nearer to 
0 Aguilibrium with the external Air: And 
ſerefore a Scale, anſwering to the Variation of 
us Barometer, ought ſtrictly and properly to 
of an infinite Length; becauſe, after this Ba- 
meter has ſunk or riſen thouſands of Miles 
that were poſſible) it would fill have the 
me Tendency to fink or riſe on, as when it 


ſt ſet out. | Now 
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Now, was the Rod WS ſo ſmall, that a cube 
Inch of it ſhould be more than fourteen Inche 
long (the other Parts remaining as was fy 
poſed above) the Variation in this Baromet 
would be more than infinite, or negative wit 
Reſpect to thoſe of the common Barometer 
'The Meaning of which 1s, that whereas, in th 
common Barometer, the ſuſpended Column g 
Mercury, by its riſing or falling, approach 
nearer to an Equilibrium with the extern 
Air, this Barometer would continually reced 
from an Æquilibrium with it; ſo that the fa 
ther it ſhould move up or down, inſtead of ac 
quiring by that Means a leſs Tendency to mor 
on, as the Mercury in the common Baromete 
does, it would acquire a greater. 

On the contrary, when a cubic Inch of th 
Rod is leſs than fourteen Inches in Leng 
the Variation will be finite; and may be mad 
to bear any Proportion to thoſe of the commo 
Barometer whatever, as demonſtrated in t 
foregoing Note. 


While I am writing this, another Metho 
occurs to me of making a Barometer, wherc 
the Scale of Variation ſhall bear any Propo 
tion to that of the common one, It is thi 
Let there be a compound Tube, as ABC (=: 
35.) hermetically ſealed at A, and open 21 ( 
empty from A to D, filled with Mercury fra 


thence to B, and from thence to E with W. 


lame 
tel | 
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ler: Then, if the Tube FC be a little more 
than five Times leſs in Diameter than the Tube 
FA, the Variation in the lower Surface of the 
ater at E will be infinite; if it be above fo 
zany Times leſs, it will be more than infinite, 
therwiſe it will be finite. See the Demon- 


tation in the Note . That 
Let v denote a given Variation in the common Barometer, 
; the correſpondent Variation at E ſought. Let the Ratio of 
;to 1, expreſs that of the ſpecific Gravity of Mercury, to that 
f Water; and 4 to 1, that of the Diameter of the Tube FA 
FEC. Then the Variation at E, the lower Surface of the Water, 
ing ſuppoſed x, the Variation of it at B, the upper Surface 


fit, will be 7 , and conſequently GE, the Difference of the Legs 
Land KB, will vary x + 7 becauſe as E riſes the Height x, 


comes down = Again, the Variation of the Surface of 


e Mercury at B will be the ſame with that of the Water in the 


me Place, wiz. 2 ; and, if the Tube is of the ſame Diameter 


tD, as at B, the Variation of the Surface at D will alſo be the 


ame, that is, 7 The Sum of both Variations, or the Variation 


Hb the Difference of the Legs, will there fore be 77 Now the 


ure of the Mercury and Water together upon the Air at E, is 
"ing to the Lengths of HD and GE; and ſince one of theſe will 
"Ys ſhorten, when the other lengthens, the Variation in their 
ſure will depend on the Variation of the Difference of their 
tights, that is, of the Difference between the Weightof x+ 


Landof = But the Weight of x +57 (being the Weight of 
Celumn of Water) compared to that of a Column of Mercury of 


* 

x + — 
lame Length, is only 44 The Difference e 
| mn etween 
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That the Variation in this Barometer my 
be infinite, will appear from the following 
Computation. | 

Let the Proportion between the Bores of th 
Tube AF and FC be ſuch, that when Hl 
the Difference of the Legs wherein the Me 
cury is contained, is augmented one Inch, Cg 
the Difference of the Legs wherein the Wat 
is contained, ſhall be diminiſhed fourter 
then, as much as the Preſſure of the Mercy 
is augmented, that of the Water will be dini 
niſhed, and fo the Preſſure of both taken top! 
ther will remain as it was. And conſequenth 
after it has began to riſe, it will always ha 
the ſame Tendency to riſe on, without eit 
coming to an Æquilibrium with the Air, 

How far this Barometer will ſucceed in Pa 
tice mult be left to Experience to determine. 


k 
Xþ — 
ad 2.x | 
between and — will be always equal to the Variation 
12 ad 
x14 — 
2 * T ad 
the common Barometer, and therefore, and 
W 
5 e i d A 
the common Method of Reduction, x= A 
2m—dd—1 


Xx: Y: mdd; 2m—dd—1, Now, if we put 14, and 4 
4 27, 2m — dd — 1 will be found equal to nothing 3" 
ſo x being by the Proportion as many Times more than % 
mad is than nothing, tis infinite. And if u be put 
and 4 = 5, mdd will be equal to 350, and 22 — dd —1 n 
and therefore the Variations in this Caſe will be to tho 
the common Barometer, as 175 to one. pi 
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probably, if the Bore of the Tube FC be made 
ery ſmall, vig. about the twentieth Part of 

n Inch Diameter, the Air will not aſcend 
Whcough the Water, as it is apt to do through 
he Mercury 1n the . Barometer; and 

e Smallneſs of the Bore will not prevent the 
Vater from moving, near ſo much as it does 
he Mercury in that Barometer. 

There is an Improvement of another Kind 
n the common Barometer, whereby it is ren- 
lered portable. The Tube containing the 

ercury, inſtead of having its lower End im- 
nerged in a Veſſel of that Fluid, has it tied 
p in a Leathern Bag, not quite full of Mer- 
uy. And though the external Air cannot 
et into the Bag to ſuſpend the Mercury in 
he Tube, by preſſing on its Surface, as in the 
ommon one; yet it has the ſame Effect by 
teſſing on the Outſide of the Bag, which, 
ing pliant, yields to the Preſſure, and keeps 
he Mercury ſuſpended in the Tube at its pro- 
er Height. This Bag is generally incloſed 

alittle Box, through the Bottom of which 
alles a Screw ; with this Screw the Bag may 
© compreſſed, ſo as to force the Mercury up 
the Top of the Tube; which keeps it ſteady, 
id hinders it from breaking the Tube by 
ing againſt the Top when it is carried 
bout, as it otherwiſe would be apt to do, 


1 
b 
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' 
) 
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See more on the Subject of this Diſſertation, 
Weidleri Inſtitutiones Mathemat. p. 608. M. 
chior Verdries Phyſ. Pats ſpecialis, Cap. IV, 
$. 15. Mr. Paſcbal's Traite de VEquilibr 
des Liqueurs. Sinclair's Ars magna Gravitati 
& Levitatis. Martotte's Second Eſſay de | 
Nature de V Air. Philoſoph. Burgund. Tom, . 
p. 850. Sauls Treatiſe on the Baromete, 
Regnault's Philoſoph. Converſat. 22. Clare 
Motion of Fluids, p. 141. Mem. de I Acad 
1705, 1711. Philoſophical Tranſactions, 
9, 10, 11, 55, 86, 91, 105, 181, 185, 206 
229, 286, 237, 240, 243, 209, 351, 36 
385, 388, 405, 406, 427. Cotes's Hydn 
ſtatical and Pneumatical Lecture. Led. 7 
With ſeveral other Authors referred to in M 
Johnſon's Quæſtiones Philoſophicæ, Cap. I. 


Queſt. 36, 37. 
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DISSERTATION V. 


Of the Origin of Winds, 


HE Wind 1s no other than the Motion 
of the Air upon the Surface of the 
Globe. Some of the Ancients took it to be 
Air, ruſhing ont of the Bowels and Cavities 
of the Earth : And others thought it an Ex- 
halation from its Surface. But theſe are Hy- 
potheſes too chimerical to ſtand in Need of a 
particular Confutation. Some of the Moderns, 
who held a Plenum, have accounted for it thus: 
They imagined, that the Air being confined 
above, as it muſt be, if we ſuppoſe a Plenum, 
would, when more than ordinarily rarefied, or 
ſtocked with Vapours, drive away the neigh- 
bouring Air, in order to make Room for itſelf ; 
and by this Means occaſion a Wind. Others, 
obſerving a conſtant and perpetual eaſterly 
Wind to blow at the Equator, aſcribed its 
Origin to, the diurnal Rotation of the Earth 
about its Axis from Weſt to Eaſt ; which they 
thought would occaſion the Air upon its Sur- 
face to ſeem to move the contrary Way, being 
in ſome Meaſure left behind. But, whereas 
there are Winds, in ſome Places near the Equa- 
tor, that blow on other Points of the Compaſs 
Vor. J. E (as 


)| 
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(as we ſhall ſee hereafter) this Hypothejir is 
inſufficient. Befides, the Air preſſing upon 
the Surface of the Earth by its Gravity, like 
other Bodies, and having nothing to hinder 
it from moving freely along with it, muſt ne- 
ceſſarily, in Time, acquire an equal Degree 
of Velocity, and fo keep Pace with it, all the 
Way round. | | 

The principal Cauſe of the Wind, or, in 
other Words, of the Air's moving-from Place 
to Place, upon the Surface of the Earth, is 
the Atmoſphere's being heated over one Part 
more than over another. For, in this Caſe, 
the warmer Air being rarefied, becomes ſpeci- 
fically lighter than the reſt; it is therefore 
overpoiſed by it, and raiſed upwards, the 
upper Parts of it diffuſing themſelves every 
Way over the Top of the Atmoſphere ; while . 
the neighbouring inferior Air ruſhes in from “ 
all Parts at the Bottom; which it continues to 


do, till the Æquilibrium is reſtored. 1 
Upon this Principle it is, that moſt of the +, 
Winds may be accounted for. * 
To begin with thoſe which blow under the 4 


Equator, g ; y 4 


1. Under the Equator, the Wind is alway! 


oblerved to blow from the Eaſt Point *. « ho 
| For, tue 
| "4 

* For the Reader's Eaſe (who perhaps 1s not furniſhed with " the 
the Philoſophical Tranſactions) J ſhall here inſert by Way of Wil © tha 


Note, from Dr. Halley's Account, ſo much of the Hiſtor y of the | 
Winds, as may be neceſſary for the underſtanding this —_ [ f 
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For, ſuppoſing the Sun to continue vertical 
over ſotne one Place, the Air will be moſt rare- 
fied there; and conſequently, the neighbour- 


s Ing 


« The univerſal Ocean, ſays he, may moſt properly be di- 
« yided into three Parts, wiz. 1. The Atlantic and Afthiopic 
« Seas. 2. The Indian Ocean. 3. The great South Sea, or 
« the Pacific Ocean. 


« I, In the Atlantic and Mibiopic Seas, between the Tropres, 
« there is a general eaſterly Wind all the Year long, without any 
« conſiderable Variation; excepting, that it is ſubje& to be de- 
« feed therefrom, ſome few Points of the Compaſs, towards 
« the North, or South, according to the Poſition of the Place. 
1. Near the Coaſt of Africa, as ſoon as you have paſſed the 
Canary Iſles, you are ſure to meet a freſh Gale of North-eaft 
« Wind, about the Latitude of twenty-eight Degrees North; 
« which ſeldom» comes to the Eaſtward of the Eaſt-north- eaſt, 
« or paſſes the North-north-eaft. This Wind accompanies thoſe 
bound to the Southward, to the Latitude of ten Degrees 
„North, and about an hundred Leagues from the Guinea 
« Coaſt ; where, till the fourth Degree of North Latitude, they 
« fall into Calms and Tornadoes, or ſudden Storms. 

2. Thoſe bound to the Caribbee Iſles, find, as they ap- 
« proach the American Side, that the aforeſaid North, eaſt 
Wind becomes ſtill more and more eaſterly, ſo as ſometimes 
to de Eaſt, fometimes Eaſt by South, but yet moſt commonly 
to the Northward of the Eaſt, a Point or two, ſeldom more. 
*'Tis likewiſe obſerved, that the Strength of theſe does gra- 
le * dually decreaſe, as you ſail to the Weſtward. 

„ 3. That the Limits of the Trade and variable Winds in 
this Ocean, are farther extended on the American Side, than 
the African; for, whereas you meet not with this certain 
Wind, till after you have paſs'd the Latitude of twenty-eighc 
* Degrees on this Side; on the contrary Side it commonly 
holds to thirty, thirty-one, or thirty-two Degrees of Lati- 
"tude; and this is verified likewiſe to the Southward of the 
" Xquino#ial; for near the Cape of Good Hope, the Limits of 
* the Trade Wind are three or four Degrees nearer the Line, 
"thanon the Coaſt of Bra/il. | 


© — CY ——_2 % ay 
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ing Air will ruſh in from every Quarter with . 
equal Force. But, as the Sun is continually Wl ; 
ſhifting to the Weſtward, the Part where the 


Ait 
0 4. That from the Latitude of four Degrees North, to the , 
« aforeſaid Limits on the South Side of the Equator, the Winds ; 
are generally and perpetually between the South and Eaſt, 4 
« and moſt commonly between the South-eaſt and Eaſt; ob- 5 
*« ſerving always this Rule, that on the African Side they are * 
* more ſoutherly, on the Braſilian more eaſterly, ſo as to be- 1 
*« come almoſt due Eaſt, the little Deflection they have being 
« ſtil] to the Southward. In this Part of the Ocean, it has 5 
« been my Fortune to paſs a full Year, in an Employment that 4 
*« obliged me to regard more than ordinarily the Weather, and . 


] found the Winds conſtantly about the South-eaſt, the mot. 5 
* uſual Point South-eaſt by Eaſt : When it was eaſterly, it ge- 4 


«© nerally blew hard, and was gloomy, dark, and ſometimes . 
rainy Weather: If it came to the Southwards, it was gene- bs: 
rally ſerene, and a ſmall Gale next to a Calm; but this not * 
every common. But I never ſaw it to the Weſtwards of tic . 
South, or Northwards of the Eaſt. «4 


*© 5. That the Seaſon of the Year has ſome ſmall Effect on WW 
«© theſe Trade Winds; for that, when the Sun is conſiderably to 
the Northward of the Eguator, the South- eaſt Winds, efpc- Wi .., 
* cially in the Streight of this Ocean (if I may ſo call it) be- 
** tween Braſil, and the Coaſt of Guinea, do vary a Point oil «.. 
«« two to the Southward, and the North-eaſt become more 


« eaſterly ; and, on the contrary, when the Sun is towardsthe a 
« Tropic of Capricorn, the South-eaſterly Winds become more 40 
* eaſterly ; and the North-eaſterly Winds, on this Side te «... 
« Line, veer more to the Northward. « fl 

6. That as there is no general Rule, that admits not of ſonal «. ,, 
Exception, ſo there is in this Ocean a Tract of Sea, where: « * 
the ſoutherly and South-weſt Winds are perpetual, wiz. 3 « 
along the Coaft of Guinea, for above five hundred League. gr 
* together, from Sierra Leona, to the Iſle of St. Thomas : Ta « ©. 
the South-eaſt Trade Wind having paſs'd the Line, and ap « c 
„ proaching the Coaſt of Guinea within eighty or an hunde « .- 
Leagues, inclines towards the Shore, and becomes South-foutnill « x: 
« eaſt; and by Degrees, as you come nearer, it veers about f - 


« South, South-ſouth-weſt, and in with the Land South-we 4 
ang 
| bs 


F 


ag 
I 
„ 
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Air is moſt rarefied, 1s carried the ſame Way; 
and therefore the Tendency of all the lower Air, 
taken together, is greater that Way, than any 

other. 


« and ſometimes Weſt-ſouth-weſt. Theſe are the Winds, which 
are obſerved on this Coaſt when it blows true; but there are 
frequent Calms, violent ſudden Guſts, called Tornadoes, from 
« all Points of the Compals, and ſometimes unwholeſome foggy 
« eaſterly Winds, called Hermitæ, by the Natives, which too 
« often infeſt the Navigation of theſe Parts. 

« +, That to the Northwards of the Line, between four and 
« ten Degrees of Latitude, and between the Meridians of Cape 
« Ferde, and of the eaſtermoſt Iſlands that bear that Name, there 
«js a Tract of Sea, wherein it were improper to ſay, there is 
« any Trade Wind, or yet a variable; for it ſeems condemned to 
« perpetual Calms, attended with terrible Thunder and Light- 
ning, and Rains ſo frequent, that our Navigators from thence 
© call this Part of the Sea, the Rains: The little Winds that 
ere, being only ſome certain Guſts, of very little Continu- 
* ance, and leſs Extent; ſo that ſometimes each Hour you 
* ſhall have a different Gale, which dies away into a Calm be- 
fore another ſucceeds: And in a Fleet of Ships in Sight of 
one another, each ſhall have the Wind from a ſeveral Point of 
„the Compaſs : With theſe weak Breezes, Ships are obliged to 
„make the beſt of their Way to the Southward, through the 
* aforeſaid fix Degrees; wherein it is reported ſome have been 
* detain'd whole Months for want of Wind. 


II. In the Indian Ocean, the Winds are partly general, 
“eas in the Z7hiopic Ocean; partly periodical, that is, half 
* the Year they blow one Way, and the other half near upon 
* the oppoſite Points; and theſe Points, and Times of ſhiftin g. 
are different in different Parts of this Ocean. 

*1, Between the Latitudes of ten Degrees and thirty De- 
" grees South, between Madagaſcar and Hollandia Neva, the 
" General Trade-Winds about the South-eaſt and by Eaſt, are 
„found to blow all the Year long, to all Intents and Purpoſes, 
"after the ſame Manner, as in the ſame Latitudes in the 


" .Zthiopic Ocean, as it is deſcribed in the fourth Remark 
y aorecoing, 


— 
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T3 6 2, That 
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other. Thus the Tendency of the Air to. 
wards the Weſt, becomes general, and itz 
Parts impelling one another, and continuing to 

moye 


«© 2, That the aforeſaid South-eaſt Winds extend to within 
© two Degrees of the Equarer, during the Months of June, Juh, 
% and Auguſt, &c. to Nowember; at which Time, between the | 
South Latitude of three and ten Degrees, being near the Me. 
* »;4zan of the North End of Madagaſcar, and between tuo 


and twelve South Latitude, being near Sumatra and Java; e 
© the contrary Winds from the North-weſt, or between the c 
„North and Weſt, ſet in, and blow fur half a Year, wiz. from 6 
the Beginning of December till May: And this Monſon is a 
$* gbſerved as far as the Molucca Iſles. 7 


* 2, That to the Northward of three Degrees South Lati- 2 
ce tude, over the whole Aralian and Indian Sea, and Gulf of 6s 
*« Bengal, from Sumatra to the Coaſt of Africa, there is ano- 6 
* ther Monſoon, blowing from October to April, upon the ( 
«« North-eaſt Points: But in the other half Year, from April to 

« October, upon the oppoſite Points of South-weſt and Welt 
„ ſouth-weſt, and that with rather more Force than the other, 

« accompanied with dark, rainy Weather ; whereas the North- | 
„% eaſt blows clear. *Tis likewiſe to be noted, that the Winds | 
are not ſo conſtant, either in Strength or Point, in the Gulf 
of Bengal, as they are in the Indian Sea, where a certain 
% ſteady Gale ſcarce ever fails, *Tis alſo remarkable, that + 


„ the South-weſt Winds, in theſe Seas, are generally more 1 
„ ſoutherly on the 4/rican Side, and more weſterly on the BW ©! 
„ [naian. | * 2 


„4. There is a Tra& of Sea to the Southward of the .“ 
0 Fquator, ſubject to the ſame Changes of the Winds, vi. 
«© near the African Coaſt, between it and the Iſland Madagaſcar, Wil © ©i 
« or St. Laurence, and from thence Northwards, as far as the 
Line; wherein, from April to October, there is found a con- 
« {tant freſh South ſouth-weſt Wind, which, as you go more 
« northerly, becomes ſtill more and more weſterly, ſo as to fal 


ein with the Weſt-ſouth-weſt Winds, mentioned before in thoſe ab 
„Months of the Year to be certain to the Northward of the C. 
* Equator. What Winds blow in thoſe Seas, for the other © th 
« half Year, I have not yet been able to obtain to my full Sati(- 4 n 

ot 


fe fad ion: The Account which has been given me, is only = 
| | 0 a 


Dif. V. Of the Origin of Mind. 121 


move till the next Return of the Sun, fo much 


of its Motion, as was loſt by his Abſence, is 
again reſtored, and therefore the eaſterly Wind 
becomes Perpetual, 


Some 


« That the Winds are much caſterly hereabouts, and as often to 
« the North of the true Eaſt, as to the Southward thereof. 

« 5, That to the Eaſtward of Sumatra and Malacca, to the 
„% Northwards of the Line, and along the Coaſt of Cambcia 
« 2nd China, the Monſoons blow North and South; that is to 
« ſay, the North-eaſt Winds are much northerly, and the 
« South-weſt much ſoutherly. This Conſtitution reaches to the 
« Eaſtward of the Philippine les, and as far northerly as Japan; 
« the northern Monſoon ſetting in, in theſe Seas, in October or 
« November ; and the ſouthern in May, blowing all the Summer 
© Months. Here it is to be noted, that the Points of the Com- 
% paſs from whence the Winds come, in theſe Parts of the 
“World, are not ſo fixed, as thoſe lately deſcribed ; for the 
« ſoutherly will frequently paſs a Point or two to the Eaſtwards 
« of the South, and the northerly as much to the Weſtwards 
* of the North, which ſeems occaſioned by the great Quan- 
"tity of Land which is interſperſed in theſe Seas. 

„6. That in the ſame Meridians, but to the Southwards of 
the Equator, being that Tract lying between Sumatra and 
Java to the Wefl, and New Guinea to the Eaſt, the ſame 
* northerly and ſoutherly Mon/oons are obſerved ; but with this 
* Difference, that the Inclination of the northerly is towards 
* the North-weſt, and of the ſoutherly towards the South-eaſt : 
* But the Plage Venti are not more conſtant here than in the 
former, viz. variable five or ſix Points. Beſides, the Times 
"of the Change of theſe Winds are not the ſame, as in the 
Chineſe Seas, but about a Month, or fix Weeks later. 

7. That the contrary Winds do not ſhift all at once, but in 
* ſome Places the Time of the Change is attended with Ca/!., 
in others with variable Winds; and it is particularly remark— 
Fable, that the End of the weſterly Mecn/+cn, in the Seas of 
* China, are very ſubjeC to he tempeſtuous. "The Violence of 
3 theſe Storms is ſuch, that they ſeem to be cf the Nature of 
F the W:/-India Hurricanes, and render the Navigation of 
"tele Parts very unſaſe about that Time of Year. Thee 
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Some are inclined to think, that the con. 
tinual ſhifting of the Sun to the Weſtward, 
ſhould produce a weſterly Wind under the 
Equator, by cauſing the Current of the Air 
from the Weſt to exceed and over-balance that, 


„ Tempeſts are by our Seamen uſually term'd the Breakin 10 
*« of the Monſoons. 


III. The Third Ocean, called Mare Pacificum, whoſe Ex. 
* tent 15 equal to that of the other two (it being from the Weſ 
« Coaſt of America to the Philippine Iflands, not leſs than an 
hundred and fifty Degrees of Longitude) is that which isleaf 
* known to our own, or the neighbouring Nations: ThatNar. 
«« gation that there is om it, is by the Spaniards, who go yearly 
from the Coaſt of New Spain to the Manilha's : But that but 
«« by one beaten Tract; ſo that I cannot be ſo particular here, 
<< as in the other Two. What the Spaniſh Authors ſay of the 
Winds, they find in their Courſes; and what is confirmed by 
* the old Accounts of Drake and Candiſp, and ſince by Schouten, 
*© who ſailed the whole Breadth of this Sea, in the ſouthem 
Latitude of fifteen or ſixteen Degrees, is, that there is a great 
Conformity between the Winds of this Sea, and thoſe of the 
Atlantic and /Ethiopic; that is to ſay, that to the Northward 
* of the Equater, the predominant Wind is between the Eaſt and 
«© North-eaſt; and to the Southwards thereof, there is a con- 
*« ſtant, ſteady Gale, between the Eaſt and South-eaſt, and that 
«© on both Sides the Line, with ſo much Conſtancy, that they 
*« ſcarce ever need to attend the Sails; and Strength, that it i 
rare to fail of croſſing this vaſt Ocean in ten Weeks Time; 
* which is about an hundred and thirty Miles a Day: Beſides, 
tis ſaid, that Storms and Tempeſts are never known in theſe 
Parts; wherefore ſome have thought it might be as ſhort 2 
«© Voyage to Japan and China, to go by the Streights of Ma- 
«« gellen, as by the Cape of Good Hope. | 
„The Limits of theſe General Winds are much the ſame 
*« in the Alantic Sea, wiz. about the thirtieth Degree of Lat 
* tude on both Sides. Beſides, a farther Analogy between the 
„ Winds of this Ocean, and the Aibiopic, appears in that, tha 
* upon the Coaſts of Peru they are always much ſoutherly, like 
as they are found near the Shores of Angela.“ : 
| Which 


Dif. V. Of the Origin of Winds. 123 


which oppoſes it from the Eaſt, For, where- 
s the Eaſtern Air retains its Heat ſome Time 
ifter the Sun is removed from it, it muſt al- 
ways be rarefied to a gone Degree, and alſo 
wa greater Diſtance from the Place to which 
the Sun is vertical, than the weſtern Air is; 
and therefore the weſtern Air, being more 
ponderous, ſhould be an Over-balance for the 
eaſtern, and drive the Current before it. 

But it is to be obſerved, that we are not to 
conſider the Point to which the Sun is ver- 
tical, but the Point of greateſt Rarefaction 
(which, upon Account of the Sun's Motion to 
the Weſtward, lies always to the Eaſtward ;) 
and then ſee, which Side of the Column of 
Air, incumbent over that Point, ſuſtains the 
greater Preſſure from the neighbouring Co- 
lumns. Now, although the Air is rarefied 
eren farther to the Eaſt of this Point, than to 
the Weſt, yet ſtill, if we ſuppoſe the Point 
0 keep its Place, the Air over it will ſuſtain 
a equal Degree of Preſſure on each Side. 
For, ſince no Column can be aſſigned on the 
weſtern Side, but one alſe on the eaſtern 
may be found under an equal Degree of Rare- 
Ma- ſadtion, and therefore of the ſame ſpecific Gra- 
ity; and ſince Fluids of equal Heights, and 
he ſame ſpecific Gravities (whatever be the 
readth of their Columns) preſs equally againſt 
val Objects, (Chap. I. F. 9.) 'tis very 
"dent, that the Column of Air, over the 
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both Ways; and fo, upon this Suppofiticn, 


Portion of the weſtern Air approaching to- 
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Point of greateſt Rarefaction, is preſſed equalh OL 


each Wind will blow towards that Point with 
equal Force. But, if we ſuppoſe the Point 
of greateſt Rarefaction to ſhift towards the 
Weſt, we ſhall find, that this A#quzlibriun 
will by that Means be deſtroyed, and th: 
Motion of the Air (upon the whole) deter. 
mined that Way. For let us confider any 


wards the Point of greateſt Rarefaction, if that 
Point ſhifts, in the mean Time, towards the 
Weſt, then will that Portion reach the faid 
Point ſooner than it otherwiſe would har 
done; thereby loſing a Part of its Motion, by 
which Means the weſterly Current will be di- 
miniſh'd. Again, if, while the Eaſt Wind 
blows towards the Point of greateſt Refraction, 
that Point moves on before it, then will the 
eaſtern Air have a greater Quantity of Motion, 
than it otherwiſe would have had; that, which 
ſhould have been an Impediment to it, being 
upon this Suppoſition, in ſome Meaſure with 
drawn; and ſo the Eaſt Wind will be aug 
mented. Thus, the Weſt Wind having itz 
Force leſſen d by the Motion of the Sun, and 
the Eaſt one being increaſed, the latter 4 
length as it were abſorbs the former, and cat 
ries it away in its own Direction. 

2. On each Side of the Equator, to abou 


the thirtieth Degree of Latitude, the * 
| QUN( 
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"und to vary from the Eaſt Point, fo as to 
come North-eaſt on the northern Side, and 
zouth-eaſt on the ſouthern. 

The Reaſon of which is, that, as the equa- 
rial Parts are hotter than any other, both the 
arthern and ſouthern Air ought to have a 
Fendency that Way; the northern Current 
herefore, meeting in this Paſſage with the 
ſtern, produces a North-eaſt Wind on that 
ide; as the ſouthern Current, joining with 
he ſame, on the other Side the Equator, forms 


deb South-caſt Wind there. | 
a 1 beſe two Propoſitions are to be underſtood 
rel! open Seas, and of ſuch Parts of them as are 
ant from the Land; for near the Shores, 
d. bere the neighbouring Air is much rare- 


ted, by the Reflection of the Sun's Heat from 
e Land, it frequently happens otherwiſe ; 
particularly, 

z. On the Guinea Coaſt, the Wind always 
ts in upon the Land, blowing weſterly in- 
cad of eaſterly. This is becauſe the Deſerts 
H Africa lying near the Equator, and being a 
ery ſandy Soil, reflect a greater Degree of Heat 
ito the Air above them. This therefore be- 
W's rendered lighter, than that which is over 
e Seca, the Wind continually ruſhes in upon 
te Land to reſtore the Æguilibrium. 

4. That Part of the Ocean, which is called 
de Rains, is attended with perpetual Calms, 
it Wind ſcarce blowing ſenſibly either one 


Way 
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Way or other. (See its Situation deſcribed i 
Note, Page 119, Remark 7th.) For this Tra 
being placed between the weſterly Wind bloy. 
ing from thence towards the Coaſt of Guine, 
and the eaſterly Wind blowing from the ſam: 
Place to the Weſtward thereof, the Air ſtand 
in Aquilibrio between both, and its Gravity i 
ſo much diminiſhed thereby, that it is not abk 


to ſupport the Vapour it contains, but lets i 


fall in continual Rain, from whence this P 
of the Ocean has its Name. 

5. There is a Species of Winds, obſervable 
in ſome Places within the Trapics, called by 
the Sailors Mon ſoons, which, during fix Mont 
of the Year, blow one Way; and the remain 
ing ſix the contrary. 

The Occaſion of them in general is this 
When the Sun approaches the northern Trat 
there are ſeveral Countries, as Arabia, Perju 


India, &c. which become hotter, and reti:F 


more Heat than the Seas beyond the Equats 
which the Sun has left; the Winds therefore 
inſtead of blowing from thence to the Par 
under the Equator, blow the contrary Wy 
and when the Sun leaves thoſe Countries, an 


draws near the other Tropic, the Winds tu 


about, and blow on the oppoſite Point of ti 
Compals. | 
The Regularity of theſe Winds making 


them more than ordinarily uſeful in Navig4l 


tion, they are from thence called 746 
Wind: 


Dil, V. Of the Origin of Winds. 127 


Winds. As to other Circumſtances relating 
to them, and the particular Times and Places 
of the Monſoons, &c. ſee the Hiſtorical Ac- 
count in the foregoing Note ; all which might 
exfily be ſolved upon the fame Principle, had 
we Data to go upon, and were all the ſeverat 
Circumſtances of Situation, Heat, Cold, &c. 
ſuffciently known K. 

From the Solution of the general Trade 
Winds, we may fee the Reaſon, why in 
the Atlantic Ocean, a little on this Side the 
thirtieth Degree of North Latitude, or there- 
abouts, as was obſerved in the foregoing 
Diſſertation, there is generally a Weſt, or 
South-weſt Wind. For, as the inferior Air, 
within the Limits of thoſe Winds, 1s conſtant- 
y ruſhing towards the Equator, from the 
orth-eaſt Point, or thereabouts, the ſuperior 
ur moves the contrary Way; and therefore, 


a after it has reached theſe Limits, and meets 
to ith Air, that has little or no Tendency to 
fore 


dome have thought, that the Regularity of the general Trade 
nds is partly owing to the diurnal Motion of the Moon from 
Lat to Weſt. For, as the Sun renders the Air ſpecifically lighter 
by its Heat, ſo does the Moon by attracting it, in the ſame 
Manner, as it does the Sea, by raiſing the Tides : But it is to 
de obſerves, that as the Moon acts with the greateſt Force upon 
de ſuperior Parts of the Air, and as thoſe ſuperior Parts are un- 
ined, and therefore more at Liberty to ruſh in, in order to 
ure the Zquilibrium'z it will from hence follow, that the 
ding in of the ſuperior Parts of the Atmoſphere will princi- 
Ally contribute towards reſtoring the Equilitrium ; and ſo tho 
tion, produced below, will be very inconſiderable. 
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tinent Experiment, related by Mr. Clare, in his Motion « 
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any one Point more than to another, it yil 
determine it to move in the ſame Direction 
with itſelf. 

In our own. Climate we frequently exp. 
rience, in calm Weather, gentle Breezes bloy. 
ing from the Sea to the Land, in the Heat d 
the Day; which Phenomenon is very agree. 
able to the Principle laid down above: Po 
the inferior Air over the Land-being rarefied 
by the Beams of the Sun, reflected from it 
Surface, more than that which impends over 
the Water, which reflects fewer, the latter i 
conſtantly moving on to the Shore, in order 
to reſtore the Æquilibrium, when not di- 
tubed by ſtronger Winds from another Qua- 
ter F. | 
From what has been obſerved, nothing is 
more eaſy than to ſee, why the northern and 
ſouthern Parts of the World, beyond the Li- 
mits of the Trade Winds, are ſubject to ſuch 


+ In Confirmation of this, we have an eaſy, and very per 


Fluide. Take, ſays he, a large Diſh, fill it with cold Water; 
into the Middle of this put a Water-Plate, filled with warn 
„Water. The firſt will repreſent the Ocean; and the otbet 
„an Iſland, rarefying the Air above it. Blow out a Wat 
Candle, and if the Place be ſtill, on applying it ſucceſſive! 
to every Side of the Diſh, the fuliginous Particles of tit 
« Smoak, being viſible and very light, will be ſeen to mo" 
towards the Plate, and rifing over it, point out the Courle 
« of the Air from Sea to Land. Again, if the ambient Watel 
« be warmed, and the Plate filled with cold Water, let de 
* ſmoaking Wick of the Candle be held over the Plate, and 
© the contrary will happen.” a 
Variet 
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Variety of Winds. For the Air, upon Ac- 
count of the leſſer Influence of the Sun in 
thoſe Parts, being undetermined to move to- 
ards any fixed Point, is continually ſhifting 
Com Place to Place, in order to reſtore the 
Equilibrium, wherever it is deſtroyed ; whe- 
her by the Heat of the Sun, the riſing of 
apours, or Exhalations, the melting of Snow 
don the Mountains, and a great Variety of 
ther Circumſtances, more than can be eaſily 
enumerated. | 1 

We are told by Hiſtorians, of certain Caves 
hat emit Wind; if ſo, it is when the included 
ir is rarefied by Heat, and therefore ruſhes 
ut for want of Room; or, when the Preſſure 
f the external Air, incumbent upon the Mouth 
the Cave, is diminiſhed, and ſo permits the 
ternal Air to dilate itſelf, and iſſue out. 


For more on this Subject, ſee Nieuwentyt's 
ſeligious Philoſopher. Regnault's Philoſo- 
cal Converſations. Care's Motion of Fluids. 
Martin's Philoſophical Grammar. And the 
uthors referred to in Mr. Johnſon's Quæſtiones 
loſoph, Cap. IV. Quæſt. 1,2. 
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DISSERTATION Vl 
Of the Formation and Aſcent of Ii 


pours, and their Reſolution in 
Rain, Snow, and Hail, 


Ra os ae Ry Q at toc ”F _ww{ www way a 


HAT Vapours are raiſed from the Sur 
face of Water by the Action of the dun 
Heat, is agreed on by all: But the Manner i 
which this is done, has ever been a Controverſ 
among Philoſophers ; neither is it at this Tim 
ſufficiently explained by any one. 
If we conſult a Carteſian upon this Matte 
he immediately tells us, that, by the Action 0 
the Sun upon the Water, ſmall Particles of th 
Water are formed into hollow Spheres, fille 
with Materia Subtiljs, and by that Means be 
coming lighter than an equal Bulk of Air, at 
eaſily buoyed up in it. But, as this Mater 


SS — = — — & ru 


Subtilis is only a Fiction, this Solution is 0 8 
to be regarded. | - 

Dr. Nieuwentyt, and ſeveral other Phil 
ſophers, who maintain, that Fire is a pati , 
cular Subſtance, diſtin from other Mattei 
account for the Formation and Aſcent of Va 
pours thus: {They ſay, that the Rays of v = 


Sun, or Particles of Fire ſeparated from the 


U 
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vp little Bodies, lighter than an equal Bulk of 
Air; which therefore, by the Laws of Hy- 
droſtatics, will aſcend in it, till they come to 
an Height where the Air is of the ſame ſpecific 
Gravity with themſelves. And, that Rain is 
produced by the Separation of the Particles of 
the Fire from thoſe of the Water; which laſt, 
being then left without Support, can no longer 
be ſuſtained by the Air, but falls down in 
Drops of Rain“. : : 

This Opinion is liable to the following Dif- 
fculties; Firſt, Fire has never been yet prov- 


ur 
un 


4 ed to be a diſtinct Element, or a particular 
im ubſtance ; and the Change of Weight in 


Bodies in chemical Preparations, heretofore 
thought to ariſe from the Adheſion of Particles 


tte | 
of Fire, is found to proceed from the Adheſion 


0 of Particles of Air 8. | 
fle Secondly, Should the above-mentioned Sup- 
« bel poſition be allowed, the fiery Particles, which 


xe joined to the watery ones to buoy them 
up, muſt be confiderably large, or elſe a very 
great Number muſt fix upon a fingle Particle 
of Water; and then a Perſon being on the 


„ 
ater! 
8 le 


ile Top of an Hill in a Cloud, would be ſenſible 
part of the Heat, and find the Rain produced from 
attel that Vapour, much colder than the Vapour it- 


f Va 
of th 
the 
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* See Niewwentyt's Religious Philoſopher, Contempl. 19. 

1 dee tne Authors referred to in Mr. Fobn/on's Queſliones 
Philo oh. Cap. I. Quæſt. zo. 

5% Dr. Hales, in his vegetable Statice. 
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ſelf : Whereas the contrary is evident to our 
Senſes; the Tops of Hills, though in the 
Clouds, being much colder than the Rain 
which falls below. _ 

Beſides, the Manner in which the Particle 
of Water ſhould be ſeparated from thoſe of 
the Fire, fo as to fall in Rain, is not eaſily to 


The moſt generally received Opinion is, 
That by the Action of the Sun, on the Surface 
of the Water, the aqueous Particles become 
formed into Bubbles, filled with a F/atus, ot 
warm Air, which renders them ſpecifically 
lighter than common Air, and makes them 
riſe therein, till they meet with ſuch as is df 
the ſame ſpecific Gravity with themſelves“ 
But I aſk, | | 

Firſt, How comes the Air in the Bubbles 
to be ſpecifically lighter than that without, 
ſince the Sun's Rays, which a& upon the 
Water from whence they are raiſed, are equall 
denſe over all its Surface ? 

Secondly, If it could be poſſible for ratet 
Air to be ſeparated from the denſcr ambient 
Air, to form the Bubbles (as Bubbles of ſcape 
Water are blown up by warm Air from ths 


Lungs, whilſt the ambient Air is colder aud of 
denſer) what would hinder the external A th 
from reducing that, which is incloſed in the Pa 
Bubbles, immediately to the ſame Degree Wb 


* Philoſophical Tranſactions, No 192. | IS 
Cold 
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Coldneſs, and ſpecific Gravity with itſelf ; 
(Cold being readily communicated through 
ſuch thin Shells of Water.) By which Means, 
the Bubbles would become ſpecifically heavier 
than the circumambient Air, and would no 
longer be ſupported therein; but fall down, 
almoſt as ſoon as they were formed ? 

Thirdly, If we ſhould grant all the reſt of 
the Suppoſition, yet the following Difficulty 
will ſtill remain. If Clouds are made up of 
Bubbles of Water filled with Air, why do not 
thoſe Bubbles always expand, when the ambi- 
ent Air is rarefied, and preſſes leſs upon them 
than it did before; and why are they not con- 
of Wl denſed, when the ambient Air is condenſed by 
WT the Accumulation of the ſuperior Air? But if 
this Condenſation and RarefaQtion ſhould hap- 
pen to them, the Clouds would always continue 
at the ſame Height, contrary to Obſervation ; 
and we ſhould never have any Rain. 

The two laſt Opinions are more largely ex- 
amined by Dr. Deſaguliers in the Philoſophical 
Tranſactions, N* 407. After which he en- 
deavours to eſtabliſh one of his own. 

He obſerves, with Sir Jace Newton, that, 
when by Heat or Fermentation the Particles 
of a Body are ſeparated from their Contact, 
their repulſive Force grows ſtronger, and the 
Particles exert that Force at greater Diſtances; 
o that the ſame Body ſhall be expanded into 
very large Space, by becoming fluid; and 

1 may 
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Particles of Water are turned into Vapour, 
cc by repelling each other ſtrongly, and repel 


_ whe the Atmosphere is of the ſame ſpecih( 
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may ſometimes take up more than a Million 
of Times the Room it did in a ſolid and in- 
compreſſible State. Thus, ſays he, if the 


Air more than they repel each other; Ag- 
« oregates of ſuch Particles, made up of V+ 
e pour and Vacuity, may riſe in Air of different 
«« Denſities, according to their ' own Denſity 
„ depending on their Degree of Heat.” He 
obſerves farther, that Heat acts more power- 
fully on Water, than on common Air; for thit 
the ſame Degree of Heat, which rarefies Air 
two Thirds, will rarefy Water near fourteen 
thouſand Times, changing it into Steam 0 
Vapour, as it boils it. And in Winter, that 
{mall Degree of Heat, which in Reſpect of out 
Bodies appears cold, will raiſe a Steam or Ve 
pour from Water, at the fame Time that it 
condenſes Air. Laſtly, he obſerves, That tht 
Denfity and Rarity of this Vapour depend: 
chiefly on its Degree of Heat, and but little on 
the Preſſure of the circumambient Air. From 
all which he infers, that the Vapour being 
more rarefied near the Surface of the Earth, 
than the Air is there by the ſame Degree d 
Heat, muſt neceſſarily be buoyed up into the « 
Atmoſphere; and fince it does not expand i- 
ſelf much, though the Preſſure of the incum 
bent Air grows I-15, at length it finds a Plact 


Gravil 
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Gravity with itſelf, and there floats, till, by ſome 
Accident or other, it is converted again into 
Drops of Water, and falls down in Rain. | 

And to ſhew that Air is not neceflary for 
the Formation of Steam or IPOs he gives 
us this Ex periment. 

„ABCD (Fig. 37.) is a pretty large Veſ- 
« ſel of Water, which muſt be ſet upon the 
« Fire to boil. In this Veſſel muſt be ſuſpend- 
«ed the Glaſs Bell E, made heavy enough 
«to fink in Water; but put in, in ſuch a 
„ Manner, that it be filled with Water when 
« upright,. without any Bubbles of Air at its 
Crown within, the Crown being all under 
„Water. As the Water boils, the Bell will 
by Degrees be emptied of its Water, the 
4 Water in the Bell being preſſed down by 
* the Steam which riſes from it; but, as that 
Steam has the Appearance of Air, in order 
to know whether it be Air or not, take the 
* Veſſel off the Fire, and draw up the Bell 
* by a String faſtened to its Knob at Top, till 
* only the Mouth remains under Water ; 
then as the Steam condenſes by the cold Air 
* on the Outſide of the Bell, the Water will 
* riſe up into the Bell at F, quite to the Top, 
* without any Bubble above it; which ſhews, 


* that the Steam, which kept out the Water, 
* was not Air.” 


Q 3 | This 
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This Hypotheſis, however plauſible it may « 
appear, is attended with Difficulties, as well ill « 
as the other, For, 40 

Firſt, If the repulſive Power of the Particles . 
of Water is ſufficiently augmented by Heat as 1 
ſuch (and that by a very ſmall Degree of it) « 
to make them recede from each other, and be- 
come ſpecifically lighter than common Air; i « 
how comes it to paſs, that all the Particles of . 
Water, as ſoon as, or before it boils, have not fo 
their repulſive Forces thus augmented, fince Mit, 
they are all under a much greater Degree of the 
Heat, than is neceſſary to raiſe Vapour ? 

Secondly, Allowing that they may riſe off 
from the Surface of the Water, and float in 
the circumambient Air, as being lighter than 
it, why do not their repulſive Forces, as they 
riſe up into the Air, and the ſuperincumbent 
Preſſure becomes leſs, drive them to greater 
Diſtances from each other, and fo cauſe them 
to continue lighter than the Air about them at 
all Heights? 

Thirdly, If the Preſſure of the Air about 
them, when near the Surface of the Earth, is 
not ſufficient to bring them into ſo cloſe Con- 
| tact, as to form Drops of Water there, what 
Force will they find ſufficient for it, when they MW Th 
are carried aloft into a Region of Air, where that! 
the Preſſure is not near fo great? The Doctor Nom 
hints, that they are formed into Rain, “ when inadec 
* by the great Diminution of the ſpecific ** fore u 

„ yity 


Diſſ. VI. Abent of Vapours, &e. 137 


« yity of the Air about a Cloud, it has a great 
« Way to fall, in which Caſe, he ſays, the 
« Refiltance of the Air, which increaſes as 
« the Square of the Velocity of the deſcend- 
« ing Cloud, cauſes the floating Particles of 
« Water to come within the Power of each 
« other's Attraction, and form ſuch big Drops 
« as, being ſpecifically heavier than any Air, 
« muſt fall in Rain.” But as the inferior Air, 
from the Cloud to a conſiderable Depth below 
it, cannot be ſuppoſed to leave it all at once, 
the Vapours muſt neceſſarily fall all the Way 
through a reſiſting Medium; fo that the little 
Velocity the Cloud can acquire, while it is in 
the Form of Vapour, will never produce a 
Reſiſtance from the Air greater than the Preſ- 
fure which the Vapours ſuſtained below. 

Laſtly, The Experiment, brought to make 
Way for this Hypotheſis, ſhows clearly, that 
Vapour formed without the Affiſtance of Air, 
b immediately condenſed into Water again, as 
ſoon as it is ſuffered to cool : Which is widely 
different from what happens to Vapours buoyed 
w into the colder Regions of the Air, and 
floating there, till they fall in Rain. 


Theſe are all, or the principal Hypotheſes, 
that have been framed for the Solution of this 
or Neommon Phenomenon: Which as they ſeem 
en Fnadequate to the Effects produced, and there- 
a- Wire unſatisfactory, I thought it not amiſs to 
ty + i ſug- 
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ſuggeſt to the Reader the chief Difficulties, with 
which I conceive them to be attended. But as 
it is eaſter to pull down, than to build up, to 
overturn a weak Hypotheſis, than to raiſe and 
ſupport a ſtrong and ſufzctent one; ſo, I muſt 
own, in this Caſe, I can think of no Way of 
accounting for the Riſe of Vapours, according 
to the received Principles of Philoſophy, or 
ſay wherein their Nature conſiſts. Upon this 
Account it is impoſſible I ſhould give a Phi. 
loſophical Account of their Reſolution into 
Rain. It mult ſuffice juſt to mention the Cauſes 
which are obſerved to produce that Change. 
The firſt js, Part of the Air beneath them 
being carried away by contrary Winds blowing 
from the ſame Flace *, the Remainder be- 


comes too light to buoy them up, and fo the 0, 
upper ones, in all Probability, precipitate downgW*"» : 
upon the lower ones, unite with them, andi. 
form Drops of Rain +. Another is, great" thei 
| Quan * four 

i They 

Perhaps it may be thought, that when the Air, which im 5 dum 
pends over any Place, is carried away from thence by contrar : The 
Winds, the Vapours which float in it ſhould be carried awa * Trop, 
too; and ſo the few that remain ſhould be eaſily ſupported; oi, 2 
if they fall, ſhould not produce much Rain. | : {the 
Now, in anſwer to this, it muſt be conſidered, that as the in. dide 
ferior Air is carried away from any Place by contrary Winds Sem: 
the Height of the Atmoſphere is diminiſhed thereby; where Wint 
fore, in all Probability, the ſuperior Air ruſhes in by a contra Fr 
Current to fill up the Vacuity at the Top, which bringing. bare 
its Contents of Vapour affords a continual Supply for the Rai. Rain, 
that falls. | of W 
+ A remarkable Inſtance we have of this, in that Part of .. and \ 
Atlantic Ocean, which the Sailors call the Rains, (ſee Diſſert. / et 


frot 
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Quantities of them, being driven by the Winds 
zzainſt the Sides of Mountains, are thereby 
made to coaleſce, and ſo conſtitute Rain *. 

| It 


from the frequent Rains that fall there; the Occaſion of which 
is, that the Atmoſphere 1s diminiſhed by continual contra 
Winds blowing from thence, ſo that it is not able to ſuſtain the 
Vzpour it receives. 

* Upon this depends the Difference of the Seaſons of the Year 
at Malabar and Coromandel in the Eaſt-Indies, and at Jamaica 
in the Weſt. See Dr. Gordon's Diſcourſe on the Cauſes of the 
Change of Weather, Philoſophical Tranſactions, No 17.— 
«The Rivers of Indus and Ganges, ſays he, where they enter the 
Ocean, contain between them a large Cher/one/us, which is di- 
« yided in the Middle by a Ridge of Hills, which they call the 
* Gate, which run along from Eaſt to Weſt, and quite through 
"to Cape Comori. On the one Side is Malabar, and on the 
« other Coromandel, On the Malabar Side, between that 
«Ridge of Mountains and the Sea, it is after their Appella- 
tion Summer from September till April; in which Time it is 
"always a clear Sky, without once, or very little Raining. 
«On the other Side the Hills, on the Coaſt of Coromandel, it 
eis at the ſame Time their Winter, every Day and Night 

*yielding Abundance of Rain; and from April to September it 

*15 on the Malabar Side their Winter, and on the other Side 
i © their Summer: So that in little more than twenty Leagues 
© Journey in ſome Places, as where they croſs the Hills to St. 

"Themas, on the one Side of the Hill you aſcend with a fair 
Summer; on the other you deſcend with a ſtormy Winter. 
* The like is ſaid to be at Cape Razalgate in Arabia. And Dr. 
" Trpham relates the ſame of Jamaica, intimating that there 
ha Ridge of Hills which runs from Eaſt to Weſt, through 
; the Midit of the Iſland, and that the Plantations on the South 
Aide of the Hills have, from November to April, a continual 
„dummer, whilſt thoſe on the North Side have as conſtant a 
"Winter, and the contrary from April to November. 

From theſe and ſuch like Accounts it ſeems evident, that a 
* bare leſſening of the Atmoſphere's Gravity will not occaſion. 
*Rain, but that there is alſo needful either a ſudden Change 
def Winds, or a Ridge of Hills to meet the Current of the Air 
; and Vapours, whereby the Particles of the Vapours are driven 

logether, and ſo fall down in Drops of Rain. And hence 

«« it 
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It is generally thought, That if the Vapour 
in their Deſcent paſs through a Region of Aj 


ſufficiently cold, they are there frozen inte B 
Icicle, Wours 
© jt is, that whilſt the Wind blows from the North- eaſt, one, T 
& from Nowember to April (ſee the Account of the Monſgons fi NC 
the foregoing Differtation) ** there are continual Rains in the Point 
„ northerly Plantations of Jamaica, and on the Side of Cort \ the 
c Handel in the Eaft-Indies, becauſe the Winds beat again 
* that Side of the Hills; and ſo there is fair Weather on the Ind { 
© other Side of theſe Hills, in Malabar and in the ſouthern ll d. 
% Plantations of Jamaica, there being no Winds to drive the 
« Vapours together. But in the ſoutherly Monſoons, vir, NMonge 
from April to November, Malabar and the ſoutherly Planta. Ha 
« ons of Jamaica have Floods of Rain, the Wind beating * 
« againſt that Side of the Hills, whilſt in Coromandel, and the 


* other Side of Jamaica, there is fair and clear Weather, 
«This ſerve: alſo to clar the Singularity of Seaſens in Peri, 
ce beyond any other Parts of the Earth, and ſeems to be aſſigned 
&« by A--/a as-the Caule of it. Peru runs along from the Lin 
& Gouti,wards about a thyuſand Leagues. It is ſaid to be divided 
* into three Parte, long and narrow, which they call * 
& Szerras, and Andes; the Lanos, or Plains, run along t a 
& South-Sca Coaſt; the Sterras are all Hills with 1 
* and the Andes fteep and craggy Mountains. The 3 
© ſome ten Leagues in Breadth, in ſome Parts leſs, and in 8 
<< more; the Srerras contain ſome twenty Leagues in Brea x 
« the Andes as much, ſometimes more, ſometimes leſs , 7 
run in Length from North to South, and in Breadt 12 
% Eaſt to Weſt, This Part of the World is ſaid to have ; 
„ remarkable Things; 1. All along the Coaſt, in the N 
« blows continually with one only Wind, which 15 = * 
„ South-weft, contrary to that which uſually blows = ef . 
©« torrid Zone. 2. It never rains, thunders, ſnows, or - 1 
all this Coaſt, or Lanes, though there falls ſometimes * 
«© Dew. 3. Upon the Andes it rains almoſt continually, - wy 
wit be ſometimes more clear than other. 4. In the es 1 
% which lie between both Extreams, it rains from y 
April, but in the other Seaſons it is more clear, * ob 
«© when the Sun is fartheſt off, and the contrary W —4 4 
e neareſt. Now the Reaſon of all ſeems to be this 1 hdr 
ern Breezes, which blow conſtantly under the 2 ; 
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cicles, and form Snow. But this Opinion ſeems 
> be falſe ; becauſe it frequently ſnows when 
he Barometer is high, at which Time the Va- 
zurs cannot begin to fall. It is therefore more 
tobable, that they are firſt frozen into Icicles, 
nd by that Means ſhooting forth into ſeveral 
vints every Way from the Center (agreeably 
) the Nature of Freezing) loſs their Form; 
d ſo becoming ſpecifically heavier than Air 
all down, and in their Pafiage, ſeveral being 
mgealed together, form Fleeces of Snow . 

Hail is evidently no other than Drops of 
ain congealed into Ice. This happens, when 
their Paſſage through the interior Air, they 


ſopp'd in their Courſe by the Sicrras and Andes, and yet the 
lame Breezes being to be found in the South-Sea beyond 
Peru, as appears by the eaſy Voyages from Peru to the Phi- 
beine, a Current of Wind blows from the South on the 
"Plains of Peru, to ſupply the eaſtern Breeze on the South- 
eas, and there being but one conſtant Gale on theſe Plains, 
and no contrary Winds or Hills for it to beat upon, this 
ems to be the Reaſon why the Vapours are never or very 
ſeldom driven into Rain. And the Andes being as high per- 
haps in many Places as the Vapours aſcend in the higheſt 
Degree of the Atmoſphere's Gravity, this may probably be 
the Reaſon, why the eaſtern Breeze, beating conſtantly 
zanſ theſe Hills, occaſions Rain upon them at all Seaſons 
df the Year. And the Sierras being it ſeems lower than the 
dndes, therefore from September to April, when the Sun is 
teareſt, and fo the Atmoſphere's Gravity leſs, and the Va- 
pours lower, they are driven againſt the S7erras into Rein.” 

The like is to be ſaid of other Countries. They are all, ceteris 
vicar, more or leſs rainy, as they are more or leſs mountainous. 
Egypt, which is quite without Mountains, has ſeldom or 
er any Rain; but is plentifully watered by the Nie, which 
ary riſes above its Banks, and overflows the Country. 


dee a Diſcourſe on the Nature of Snow, Philoſophical 
ſuſactions, No 92. | | 


meet 
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meet with nitrous Particles, which are knom 
to contribute greatly to Freezing. The 
Magnitude is owing to a freſh Acceſſion « 
Matter, as they paſs along. Hence we ſee th 
Reaſon why Hail is ſo frequent in Summe, 
becauſe at that Time greater Quantities of Nin 
are exhaled trom the Earth, and float up an 
down in the Air. | 

I! the Vapours, after they are exhaled fron 
off the Waters, do not riſe very high in thi 
Atmoſphere, but hover near the Surface of the 
Earth, they then conſtitute what we call | 
Fog. And, if they afcend higher, they fi 
appear in the ſame Form to thoſe, who, being 
upon the Tops or Sides of Mountains, are: 
an equal Height with them; though to thoſe 
who are below, they appear as Clouds. 

Tf they fall to the Earth, without uniting 
into Drops, large enough to be called Rain 
they are then ſaid to fall in Dew. 


See farther on this Subject, Derham's Phil 


Theolog. Book I. Chap. 3. and Book II Ligh 
Chap. 5. Spectacle de la Nature, Dialog. 2d 
and 23. Nieuwentyt Contempl. 19. Cl T! 
Motion of Fluids. Regnault, Vol. III. Conz lone. 
verſat. 7. Muſſebenbroeh Epitom. Phyſ. Ma Plain 
themat. Par. II. Cap. 24. Melchior Verdi u 


Phyſic. Pars ſpecial. Cap. V. F. 8. And th 
Authors referred to in Mr. Johnſon's Quæſtione 


Philoſoph. Cap. IV. Quæſt. 7. DIX 
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0 the Cauſes of Thunder and Light- 
ning, and of the Aurora Borealis, 


HOSE Philoſophers, who maintain that 
T Vapours are buoyed up into the Air, by 
Particles of Fire adhering to them (as ex- 
Wplained in the foregoing Diſſertation) account 
for the Phænomena of Thunder and Lightning, 
in the following Manner: They ſuppoſe, that 
from the Particles of Sulphur, Nitre, and other 
combuſtible Matter, which are exhaled from 
the Earth, and carried into the higher Regions 
of the Atmoſphere, together with the aſcend- 
ing Vapours, is formed an inflammable Sub- 
ſtance ; which, when a ſufficient Quantity of 
fery Particles is ſeparated from the Vapour by 
the Collifion of two Clouds, or otherwiſe, 
akes Fire, and ſhoots out into a» Train of 
II Light, greater or leſs, according to the Strength 
ad Quantity of the Materials. 
WM The Opinion is falſe for the Reaſons men- 
da toned in the foregoing Diſſertation, which 
I leinly ſhow, that it is impoſſible the Vapours 
i ould be attended with ſuch fiery Particles, 
tis here ſuppoſed, 


ne 


18 Neither 
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Neither have we Occaſion to fly to ſuch » 
Hypethg/is ; for, as Vapours exhaled from th 
Surface of the Water are carried up into th 
Atmoſphere; in like Manner, the EFuviad 
ſolid Bodies are continyally aſcending thither 
Now we find by Experiment, that there ir 
ſeveral inſlammable Bodies, which, being mix. 
ed together in due Proportion, will kindle in 
Flame by Fermentation alone *, without the 
Help of any fery Particles T. When ther 

CP for 


* 


See the Theory of Fermentation explained in the folloy 
ing Differtation. ON 
+ Monfieur Lemery having covered up in the Earth about fi 
Pounds of a Mixture compoſed of equal Parts of Sulphur, a 
Filings of Iron tempered with Water; after eight or nine Hou 
Time, the Earth, where it was laid, vomited up Flames. Hik 
de PAcad. 1700. p. 574. 6 
From this Experiment we ſee the true Cauſe of the Fired 
tua and Yoiſuvius, and other burning Mountains. They pro 
bably are Mountains of Sulphur, and ſome other Matter pn 
per to ferment with it, and take Fire, From like Cauſes pi 
ceeds the Heat of Path-Waters, and other hot Springs. 
Mixa ſ21ail Quantity of Gunpowder with Oil of Cloves, pou 
ently upon this Mixture two or three times as much Spirito 
Rite aud you will obſerve a bright Inflammation ſudden 
ariſing from it. A Mixture of the two Fluids alone will ta 
Fire; the Power is added only to augment the 1nilammatiol 
Take twe Pounds of Nitte, or refined Salt-Petre, well dne 
and reduced to the ſineſt Powder, with a Pound of Oil of con 
mon Vatriol : From this Mixture may be drawn by Dutullati 
a Spirit of Nitre capable of ipflamung Oil of Turpentit 
Mem. de Acid. 1720. p. 97, Cc. Put into a Glaſs an Ounl 
of this Spirit of Nitre, with an Ounce of Oil of Vitriol; pe 
upon it an cue Quantity of Oil of Turpentine, and 2 de 
fine Flame will ariſe tuddenly with a great Exploſion, Whe 
the Liquors are freſh the Effect is much greater. If we mu 


Dram of the Spirit of Nitre, and three of Oil of T urpentil 
wil 
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{ore there happens to be a proper Mixture of 


he Efluvia of ſuch Bodies floating in the 
ir, they ferment, kindle, and flaſhing like 
unpowder, occaſion thoſe Exploſions, and 


teams of Fire, which we call Thunder and 
Lightning. 


As to the particular Species of the EHuvia, 
jhich compoſe this Mixture, that cannot ex- 
ly be determined; they are thought to be 
hiefly ſulphureous and nitrous : Sulphureous, 
becauſe of the ſulphureous Smell which Light- 
ing generally leaves behind it, and of that 
fultry Heat in the Air which is commonly the 
Forerunner of it: Nitrous, becauſe we don't 
know of any Body fo liable to a ſudden and 
iolent Exploſion, as Nitrce is *. | | 

| The 


ith only one of the Spirit of Vitriol, the Mixture will take 
pre immediately. If the fame Experiment be made with the 
bilm of Mecca, a ſudden Flame will ariſe, with a Noiſe like 
at of the Report of a Gun, | 
There are two celebrated Experiments of this Kind, though 
ley de not come up exactly to the preſent Purpoſe, becauſe 
Ky will not ſucceed, unleſs the Ingredients be firſt heated, the 
ne of Aurum fulmina us, and the other of Palvis fulminans. 
pic frſtis a Mixture of Salt of Tartar, and Gold diſſolved by 
n Regia. Aſmall Quantity of this, if put into a Braſs Spoon, 
id heated with the Flame of a Candle, cauſes a ſudden Noiſe 
kmbling that of Thunder; and goes off. with great Violence. 
Ide Other is a Mixture of three Parts of Nitre, two of Salt of 
ear, and one of Sulphur. This Mixture when ſet upon the 
ie, and warmed to a certain Degree, is diſſipated all on a 
Alen with great Thundering, like the Aurum fulminant. 
dee an Account of Exhalations taking Fire of their own 
in Coal-Pits. Pozber's Experimental Philoſophy, p. 62. 
all i. 
br. Lifter is of Opinion, That the Matter both of Thunder 
* Lightning, and allo of Earthquakes, is the Ffluwia of the 
: Pyrites, 
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The Effects of Thunder and Lightning an 
owing to the ſudden and violent Agitation thi ni 
Air is put into thereby, together with te b 
Force of the Exploſion *; and not to Thu. tt 
derbolts falling from the Clouds, as ſuppoſed ſo 


by the Vulgar . a 
\ | il 
Pyrites ; as he does, that the Matter of Vulcano's is the Pyrün : 
itſelf, This is a Mineral that emits copious Exhalations, andi 4 
exceedingly apt to take Fire upon the Admiſſion of Moitur: Fe 
See the Doctor's Defence of his Notion in the Philoſophic ſe 
Tranſactions, No 157. He thinks this may be the Reaſon wh 
England is ſo little troubled with Earthquakes, and ah, ar by 


almoſt all Places round the Mediterranean Sea, fo very much 
iz. becauſe the Pyrites are rarely found in £F»:land; at 
where they are, they lie very thin, in Compariſon of what the 
do in thoſe Countries; as the vaſt Quantity of Sulphur, emi 


ted from the burning Mountains there, ſeems to ſhew, in 
Lightning is ſaid to have diſſolved Silver, without burning , 
the Purſe it was in; and to have melted the Sword, withou lie 
touching the Scabbard, and the like. The Occaſion of th 
may poſſibly be, that the Matter of the Exhalation may lei | 
ſubtle and penetrating, that, as we ſee it happens with 4 
Fortis, or volatile Salts, it may paſs through ſo Bodies vii nin 
out ahtering their Texture, while it ſpends its whole Force the 
hard ones, in which it finds the greater Reſiſtance, | 
+ Some are inclined to think, that Thunderbolts are 2 free 


ficial, and that they were applied by the Ancients to ſome Ui 
What confirms them in their Opinion, is, that they are fou 
more frequently where Sepulchres have been, than in oth 
Places. And, as it was the Cuſtom of the Ancients to h 
their Arms buried with their Aſhes, they think they might! 
of ſome Uſe in War. Some are of Opinion, they were uſed 
Sacrifices, See Melchior Verdries Phyſic. Pars ſpecial. Cap. 
F. 9. Wedtlius Exercit. Med. Philol. Cont. II. Dec. I. p. l 
Schminckius Prof. Marpurg. Difſertat. de Urnis Sepulchrabib 
& Armis Lapideis, A. 1714. Herman Nunningius Sepulchi 
Weſtphal. Mimigard. Gentil. p. 44. Jo. Henr, Cov, 
Oſſile g. Hiſtor. Phyſic. p. 44 
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The Diſtance the Thunder is from us, may 
nearly be eſtimated by the Interval of Time 
between our ſeeing the Lightning, and hearing 
the Thunder. For, as the Motion of Light is 
ſo very quick, that the Time it takes up, in 
coming to us from the Cloud, is not percep- 
tible; and as that of Sound is about a thou- 
land Feet in a Second; allowing a thouſand 
Feet for every Second, that paſſes between our 
ſeeing the one, and hearing the other; we 
have the Diſtance of the Cloud, pretty nearly, 
from whence the Thunder comes. 

We ſometimes ſee Flaſhes of Lightning, 
though the Sky be clear and free from Clouds ; 
in this Cafe they proceed from Clouds, that 
lie immediately below our Horizon. 


Of Affinity with the Phenomena of Light- 
ning are thoſe of the Aurora Borealis, or Nor- 
| thern Lights, which, of late Years, have very 
irequently appeared in our Climate *. Theſe 
Lights differ ſo much from each other, that to 
zive a Deſcription of one alone, would not be 


* Phenomena of this Kind are reported to have been very 
frequent in Greenland, Iceland, and Norway, Countries near the 
fole. The only ones, that are upon Record, as having appear- 
ed in England, before that of March the 6th, 1713, are thoſe 
of January the zoth, 1566, Odober the 7th, 1564, November 
lach and 15th, 1574, and a ſmall one ſeen near London on the 
th of Au gu, 1708. On November the 16th, 1707, a ſmall 
one appeared in Ireland. Since that of March the 6th, 1725, 
lay have been, and ſtill continue very common. 
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ſufficient to acquaint the Reader with all the 
Circumſtances wherewith they are attended, 
I ſhall therefore collect together ſuch Pham. 
mena, as have been moſt generally obſerved, Ml | 
and reduce them to the ten following Propoſ. 
tions, adding in the Notes by Way of Spect- 
men, a full Account of that moſt remarkable 
Aurora, which was ſeen March the 6th, 1745, « 
as it was laid before the Royal Society by Dr. 
Halley, at their Requeſt . | 
The . 


+ On Ta-/zay the 6th of March, in the Year 1716 (the A. 
* ternoon having been very ſerene and calm, and ſomewhat 
Warmer than ordinary) about the Time it began to grow dart 
* (much about ſeven of the Clock) not only in London, but in 
all Parts of England, where the Beginning of this wonderful 
Sight was ſeen ; out of what ſeemed a duſky Cloud, in the 
«© North-eaſt Parts of the Horizon, and ſcarce ten Degrees high, 
the Edges whereof were tinged with a reddiſh Yellow, likes 
if the Moon had been hid behind it, there aroſe very long 
luminous Rays, or Streaks perpendicular to the Horizon, ſome 
of which ſeemed nearly to aſcend to the Zenith. Preſently 
after, that reddiſh Cloud was ſwiftly propagated along the 
** northern Horizon into the North- weſt, and ſtill farther wellet- 
y; and immediately ſent forth its Rays from all Parts, nos 
here, now there, they obſerving no Rule or Order in their n. 


. S. | 
fing. Many of thoſe Rays, ſeeming to concur near the Zenit) 


formed there a Corona, or Image, which drew the Attention x 
* of all Spectators. Some likened it to that Repreſentation a * 
Glory, wherewith our Painters in Churches ſurround the Holf 2 0 
Name of God. Others to thoſe radiating Stars, wherewith A 
** the Breaſts of Knights of the Order of the Garter are adorned, * 
„Many compared it to the Concave of the great Cupola of , P 
<* Paul's Church, diſtinguiſhed with Streaks alternately light aq, N 
* obſcure, and having in the Middle a Space leſs bright thanthe aq 
«« reſt, reſembling the Lanthorn. Whilſt others, to expreſs 9 

« well the Motion as Figure thereof, would have it to be like the 2 8 


* Flame in an Oven, reyerberated and rolling againſt 1 


Diſſ. VII. Of tbe Aurora Borealis. 149 


The moſt general Phznomena of an Aurora 
Borealis are theſe that follow. 

1. In the northern Parts of the Horizon, 
there is commonly the Appearance of a very 


black 


« Roof thereof: Some thought it liker to that tremulous Light, 
« which is caſt againſt the Cieling by the Beams of the Sun, re- 
« fleted from the Surface of the Water in a Baſon, that's a little 
« ſhaken, But all agree, that this Spectrum laſted only a few 
« Minutes, and exhibited itſelf variouſly tinged with Colours, 
« Yellow, Red, and a duſky Green: Nor did it keep in the 
« ſame Place; for when firſt it began, it appeared a little to the 
« Northwards of the Zenith, but by Degrees declining towards 
« the South, the long Striæ of Light, which aroſe from all 
« Parts of the Northern Semicircle of the Horizon, ſeemed to 
meet together, not much above the Head of Caftor, or the 
northern Tawiz, and there ſoon diſappeared. 

« After the firſt Inpetus of the aſcending Vapour was over, 
« the Corona appeared no more; but ſtill, without any Order, 
«25 to Time or Place, or Size, luminous Rad, like the former, 
continued to ariſe perpendicularly, now oftener, and again 
e ſeldomer ; now here, now there; now larger, now ſhorter. 
Nor did they proceed, as at firſt, out of a Cloud, but oftener 
would emerge at once out of the pure Sky, which was mer: 
* than ordinary ſerene and ſtill. Nor were they all of the ſame 
Form. Moſt of them ſeemed to end in a Point upwards, 
© like ere Cones ; others like truncate Cones, or Cylinders, 
" ſo much reſembling the long Tails of Comets, that at firit 
Sight they might well be taken for ſuch. Some of thote 
Rays would continue viſible for ſeveral Minutes; when others, 
and thoſe the much greater Part, juſt ſhewed themſclves, and 
died away. Some ſeemed to have little Motion, and to ftand, 
as it were, fixed among the Stars, whilſt others, with a very | 
«* perceptible Tranſlation, moved from Eaſt to Weſt under the 
Pole, contrary to the Motion of the Heavens; by which 
„Means they would ſometimes ſeem to run together, and at 
other Times to fly one another. 

After this Sight had continued about an Hour and a half. 
* thoſe Beams began to riſe much fewer in Number, and not near 
* ſo high; and by Degrees, that diffuſes Light, which had 11- 
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black Cloud; but it is evident that it is no 
real Cloud, becauſe the ſmalleſt Stars are vi- 
ſible through it. This apparent Cloud is ex- 
tended ſometimes farther towards the Weſt, 


than 


* luſtrated the northern Parts of the Hemiſphere, ſeemed to « 
*« ſubſide, and ſettling on the Horizon, formed the Reſemblance 6 
* of a very bright Crepuſculum. That this was the State of this 4s 
© Phenomenon, in the firſt Hours, is abundantly confirmed by 


the unanimous Conſent of ſeveral. For, by the Letters we « 
have received from almoſt all the extreme Parts of the King- « | 
dom, there is found very little Difference from what appeared (« | 
e at london and Oxford; unleſs that in the North of England, « 0 
and in Scotlaud, the Light ſeemed ſomewhat ſtronger aud 6 
„ brighter. i , 

66 1 I have related the Obſervations of others; as to «q 


« myſelf. I had no Notice of this Matter, till about nine of the 
© Clock: I immediately perceived toward the South and South- 
*« welt Quarter, that though the Sky was clear, yet it was tinged 
*« with a ſtrange Sort of Light; 60 that the ſmaller Stars were 
ſcarce to be ſeen, and much as it is when the Moon of four 


Paps old appears after Twilight. I perceived at the ſame «| 
*« Time a very thin Vapour to paſs before us, which aroſe fron n 
the preciſe Eaſt Part of the Horizon, aſcending obliquely, o © ft 
as to leave the Zenith about fiſteen or twenty Degrees to 11 Io 
Northward. But the Swiftneſs, wherewith it proceeced, wa « ﬀr 
** icarce to be believed, ſeeming not inferior to that of Light: © ab 
ning; and exhibiting, as it paſſed on, a Sort of momentaneous Wi * tr 
Aubecula, which diſcover'd itſelf by a very diluted and ſeint in 
« Whiteneſs; and was no ſooner formed, but, before the He © pa 
could well take it, it was gone, and left no Signs behind it. TI 
Nor was this a ſingle Appearance; but for ſeveral Minutes, N. 
about ſix or ſeven Times in a Minute, the ſame was again and mc 
©* again repeated; theſe Waves of Vapour regularly ſucceeding WI * for 
ue another, and at Intervals very nearly equal; all of then Ti 
sin their Aſcent producing a like tranfient Nubecu/a. " eaf 
© By this Particular we were firit aſſured, that the Vapour we 81 

©+ ſaw, became conſpicuons by its own proper Light, without « wh 
«© the Help of the Sun's Beams; for theſe Nubcculz did not © 2:7 
«« diſcover themſelves in any other Part of their Paſſage, but : " 
No 


** o:ly between the South-eaR and South, where being OPP ＋ 
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than the Eaſt; ſometimes farther towards 
the Eaſt, than to the Weſt; and generally tuk es 
up a Quarter of the Horizon, more or leis. 

. IB. 


« to the Sun, they were deepeſt immerſed in the Cong of the 


« Earth's Saadow; nor were they viſible before or alter, 
« Whereas the contrary muſt have happened, had they bor- 
« rowed their Light from the Sun. 

« On the weſtern Side of the northern Horrzon, tis between 
« Weſt and orth-weſt, not much paſt ten te Cleek, | ob- 
« ſerved the Repreſentation of a very brighe Twilight, con- 
« tiguous to the Horizon, out cf which aroſe very lors Beams 
« of Light, not exactly erect towards the Yrrtex, but lomething 
« ceclining towards the South; which, aſcending by a quick 
« and undulating Motion to a conſiderable Height, vaniſhed in 
« g little Time; whilſt others, though at uncertain Interva)s, 
„ ſupplied their Place. But at the fame Time, through al! the 
reft of the northern Horizon, wiz. from the North weſt to 


the true Eaſt, there did not appear any Sign of | 1oht toariſe 
0 from, or join to, the Horizon ; but what appeared to be an 
: WY © exceeding black and diſmal Cloud, ſeemed to hang over all 
e that Part of it. Vet was it no Cloud, but only the ſerene Sky, 
more than ordinary pure and limpid, ſo that the bright Stars 
{0 WR © ſhone clearly in it, and particularly Cauuda Croni, then very 
ie WY © low in the North; the great Blackneſs manifeſtiy proceeding 


from the Neighbourhood of the Light, which was collected 
* above it. For the Light had now put on a Form quite different 
from all'that we have been deſcribing, and had faſhioned itſelf 
into the Shape of two Laminæ, or Streaks, lying in a Poſition 
„parallel to the Horigon, whoſe Fdges were but ill terminated. 
„They extended themſelves from the North by Eaſt to the 
« North-eait, and were each about a Degree broad ; the under- 
„ moſt about eight or nine Degrees high, and the other about 
four or five Degrees over it; theſe kept their Places for a long 
Time, and made the Sky ſo light, that I believe a Man might 
"Elly have read an ordinary Print by the Help thereof. 

* WhilftI was viewing this ſurpriſing Light, and expecting 
hat was farther to come, the northern Eud of the upper La- 
ina by Degrees went downwards, and at length cloſed with 
' the End of the other that was under it, ſo as to ſhut up on the 
"North Side an intermediate Space, which fill continued open 
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2. The upper Edge of this Cloud (which 


is ſomctimes within leſs than fix Degrees of 
the Horizon, and ſometimes forty or fifty aboye 

It) 
* to the Eaft, Not long after this, in the ſaid included Space, | 
*« ſaw a great Number of ſmall Columns, or whitiſh Streaks, to 


«« appear ſuddenly erect to the Horizon, and reaching from the 
* one Lamina to the other; which inſtantly diſappearing, were 


too quick for the Eye, ſo that I could not judge, whether they 1 
«© aroſe from the under, or fell from the upper; by their ſudden 3 
© Alterations, they made ſuch an Appearance, as might well n 
% enough be taken to reſemble the Conflict of Men in Battle, = 

And much about the ſame Time, there began on a ſudden 15 


* to appear, low under the Pole, and very near due North, three 
** or four lucid Areas, like Clouds, diſcovering themſelves in 
the pure but very black Sky, by their yellowiſh Light. Theſe, 
© as they broke out at once, ſo after they had continued a fey 
«© Minutes, diſappeared as quick, as if a Curtain had been drawn 
over them: Nor were they of any determined Figure, but 
both in Shape and Size might properly be compared to ſmall 
Clouds illuminated by the full Moon, but brighter. 
„Not long after this, from above the foreſaid two Laming, 
<< there aroſe a very great Pyramidal Figure, like a Spear, ſharp 
at the Top, whoſe Sides were inclined to each other, with an 
Angle of about four or five Degrees, and which ſeemed to 
reach up to the Zenith, or beyond it. This was carried with 
an equable, and not very flow Motion, from the North-eal, 
u here it aroſe, into the North-weſt, where it diſappeared, fill 
* keeping in a perpendicular Situation, or very near it; and 
*« paſting ſucceſſively over all the Stars of the /itzle Bear, did 
* not efface the ſmaller ones in the Tail, which are of the fifth 
*« Magnitude ; ſuch was the extream Rarity, and Perſpicutty 
of the Matter whereof it conſiſted, | 
* This ſingle Beam was very remarkable for its Height above 
Hall thoſe, that, for a great while before, had preceded It, or 
that followed it. | ; 
elt being now paſt eleven of the Clock, and nothing nen 
« offering itſelf to our View, but repeated Phaſes of the ſame 


- 
- 


A 
_ 


« Spectacle ; I obſerved, that the two Lamine, or Streaks, pa- ug 
© rauel to the Horigon, had now wholly diſappeared ; and the _ 
0 


© xole Speftacle reduced itſelf to the Reſemblance 7 
8 | 0 , ; 46 righ 
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it) is generally terminated with a very lucid 
Arch, from one to four or five Degrees broad, 
whoſe Center is below the Horizon. Some- 


times 


bright Crepu/culum ſettling on the Northern Hyrizon, ſo as to 
« be brighteſt and higheſt under the Pole itſelf; from whence it 
« ſpread both Ways into the North-eait and North-weſt. Un- 
« der this, in the Middle thereof, there appeared a very black 
« Space, as it were the Segment of a leſſer Circle of the Sphere 
« cut off by the Horizon. It ſeemed to the Eye like a dark 
Cloud, but was not ſo; for by the Teleſcope the ſmall Stars 
« appeared through it more clearly than uſual, conſidering 
« how long they were: And upon this, as a Baſis, our Lumen 
&« Auroriforme reſted, which was no other than a Segment of a 
« Ring, or Zoxe of the Sphere, intercepted between two pa- 
« rallel lefſer Circles, cut off likewiſe by the Horizon ; or the 
« Segment of a very broad ris, but of one uniform Colour, 
ix. a Flame-Colour inclining to Yellow, the Center thereof 
being about forty Degrees below the Horizon. And above 
* this there were ſeen ſome Rudiments of a much larger Seg- 
e ment, with an Interval of Sky between, but this was ſo ex- 
* ceeding feint and uncertain, that I could make no proper 
% Eſtimate thereof. 

attended this Phenomenon till near three in the Morning, 
«and the Riſing of the Moon : But for above two Hours toge- 
© ther it had no Manner of Change in its Appearance, nor Di- 
* minution, nor Increaſe of Light; only ſometimes, for very 
« ſhort Intervals, as if new Fuel had been caſt on a Fire, the 
Light ſeemed to undulate and ſparkle not unlike the riſing of 
na 2 vaporous Smoak out of a great Blaze when agitated. Rus 
one Thing I aſſured myſelf of, that the /r:5-like Figure did by 
no Means owe its Origin to the Sun's Beams: For that about 
* three in the Morning, the Sun being in the Middle between 
* the North and Eaft, our Aurora had not followed him, but 
** ended in that very Point where he then was: Whereas in the 
true North, which the Sun had long paſled, the Light re- 
'* mained unchanged, and in its full Luſtre.“ 

Appearances of this Kind have been taken Notice of both by 
Pliny, Seneca, and Ariſtotle; the laſt of which calls the vibrating 
Light near the Zenith, Auk; the more ſteady perpendicular 
"Ntreams, Ao; and the Aurora itſelf, from the apparent dark 
Cloud juſt below it, X4opa. That Aurora which was obſerved 
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times there are two or more of theſe Arches, Ms: 
une above another. In ſome, the Cloud is not Mr: 
terminated by an Arch, but by a long bright Mis: 

| Streak Win 


by Monſieur Gaſendi in Provence, on the 21t of September, in Ii 
the Year 1621, was very remarkable, at that Time. 
He tells us, that about the End of Twilight in the Evening, bu 
when the Sky was very clear, and there was no Moon, there the 
appeared in the North a Sort of a riſing Moon, which aſcend. 
ing by Degrees, became intermingled with certain Streaks, a; 
1t were, or Rays perpendicular to the Horizon ; And that at the a. 
ſame Time there appeared ſome ſmall pa/ing whitiſh Clouds Por 
between the South and the Place of the Sun's ſetting in Winter: 
And that in the Place where the Sun ſets in Summer, a bright 
Redneſs ſeemed to ariſe in the Form of a Pyramid, which Mar! 
moved towards the ſetting of the Sun at the Eguinex; and he 
which was diſtinguiſhed into three ſeveral Pyramids, which in e. 
a little Time were confounded one with another, and at la 4 
diſappeared. When this Redneſs ceaſed, the northern Whiteneſ 72 
was riſen forty Degrees and more, that is, about the Altitude of 
the Pole- Star, forming itſelf into an Arch, and taking up near ur 
ſixty Degrees of the Herixon. After this, certain Chewrons, of Wilſefo 
Columns of Rays, ſome whiter, and ſome a little darker, began 
more plainly to be diſtinguiſhed, of about two Degrees in 
Breadth, and perpendicularly poſited ; ſo that all that Part ap- 
peared as it were fluted. The whole Circumference immedi- Th 
ately appeared ſcalloped ; and then ſome of thoſe Columns 


which were in the Middle, and that were the whiteſt, began iſ," 
it were to leave their Places with great Impetuoſity, and in leß tnt 
than a Quarter of a Minute, raiſed themſelves almoſt to the bat 1 
Top, putting on the Form of Pyramids, which they would te- | 
tain four or five Minutes. It was about nine of the Clock, 10 


when the Arch of Whiteneſs began to decreaſe or fink; i H or 
which Time certain very white Streams of Smoak began bo 
iſſue out from the Columns which were remaining under the 
Pyramids, and darting upwards with very great Rapidity 
through the Pyramids, like Javelins, vaniſhed immediately 
when they came to the Tops of them. This . laſted 
about an Hour; after which the Whiteneſs ſunk down 10 
about fix Degrees of the Herizon. Vide Abrege de Gaſſeud, 


Fo. V. P. 245: Thi 
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cireak of Light, lying parallel to the Horizon. 
The Limb of this luminous Arch, or parallel 
Streak, is not always even and regular, but 
aks lower in ſome Parts than in others. 

z. Out of this Arch proceed Streams of 
Light, generally perpendicular to the Horizon, 
dut ſometimes a little inclined to it. Moſt of 
them ſeem to end in a Point, like Pyramids 
t Cones; and often very much reſemble the 

ails of Comets. Sometimes there is no lumi- 
nous Arch, nor Streak of Light; and then 
he Streams ſeem to iſſue out from behind the 
ark Cloud, being diſtinct from each other at 
heir Baſes. | | 

4. The upper Ends of the Streams inceſſant- 
appear and vaniſh again, as quick as if a 
urtain were drawn backwards and forwards 
fore them; which ſometimes cauſes ſuch a 
teming Trembling in the Air, that you would 


This Phenomenon appeared not only to Gaſendi in Prowence, 
it was ſeen at Places very diſtant from thence, as T olo/e, Mon- 
bon, Bourdeaux, Grenoble, Dijon, Paris, and Roan, &c. and 
t moſt other Places in France, and the neighbouring Countries, 
bat lie to the Northwards of Provence, unleſs where it was in- 
reepted by Clouds; but no where in ſuch as lie at any great 
ſtance to the Southwards of it. 

Monſieur Gaf#ndi is thought to have given the Name of 
wora Borealis to this Phænomenon; but this is obſerved by 
onſieur Mairan, to be a Miſtake. See Mr. Mairar's Phy- 
al and Hiſtorical Treatiſe of the Aurora Borealis, in the 
mores de] Academie Royale des Sciences, Annee 1731, or an 


dltract of it in Philoſoph. Tranſact. Ne 431. 


imagine 
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imagine the upper Part of the Heavens to he 
as it were, in Convulſions *. 


5. They ſometimes ſeem to meet in the 2,1. 
nith, or more commonly to the Southward of 7 
It, about ten Degrees, more or leſs (ſometime 
they deviate a little to the South-eaſt of the 
Meridian, and ſometimes to the South-weſt;) . 
and there curling round, in ſome Meaſure, imi. n 
tate Flame confined under an Arch; and being 4 

frequently tinged with various Orders of Co-Bfff 
lours, exhibit a moſt beautiful Appearance, fe. - 
ſembling a Canopy finely painted , of abo ,, 
ten or twenty Degrees in Breadth. af 

In many Aurora's, there are Streams aſcend- h 
ing from thoſe Parts of the Heavens, which E ; 
ſeveral Degrees to the Southwards of the Cano- 

Py ; and in ſome, they appear to ariſe, though - 
very rarely, almoſt as large and numero. 
from the ſouthern, as from the northern Parts 4 
of the Horizon. „ _ 

6. The Height of the Aurora Boreal 25 
very great; for that of March the ſixth, 17; 1, 
was viſible from the Weſt Side of Ireland, il 
the Confines of Ruſſia and Poland on ti 


Eaſt, and perhaps farther ; extending at leg bi 
over thirty Degrees of Longitude, and in L 


* Sce their Motions well deſcribed in the Account we har 

of an Aurora in the Philoſoph. Tranſat. Ne 395. Art. 2. 
+ Sce the various Colours of the Canopy, as well as thoſe 
an Aurora itſelf, accurately deſcribed by Greenwood, in Phu 
ſoph. Tranſact. Ne 418. Art. 1. a 
: tud 
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titude from about the fiftieth Degree over al- 
moſt all the North of Europe, and at all Places 
exhibiting, nearly at the ſame Time, the ſame 
Appearances. $2 

7. Theſe Appearances have always been 
very frequent (as far as the Accounts we have 
of them inform us) in Countries that lie in, or 
near the /r:g:d Zone, but very rare in thoſe 
of our Latitude; they are now become very 
frequent with us, but always ſeem to proceed 
from the North ; and are as yet unknown to 
the Inhabitants of the more ſouthern Parts of 
our Hemiſphere. Whether they are ſeen to 
thoſe, who inhabit in, or near the other rigid 
Zone, is to us unknown. 

8. In ſome, there are Trains of Light run- 
ning horizontally, ſometimes from the Middle 
to the Extremes, and ſometimes from one Ex- 
treme to the other. And from theſe Trains 
often ariſe Streams perpendicular to the Hori- 
| * and accompanying them as they paſs 
along. 

9. When all the Streaming is over, the Au- 
rora Borealis commonly degenerates into a 
bizht Twilight in the North, and there gra- 
dually dies away. 

10. It is probable, that theſe Phenomena 
often happen in cloudy Nights, though we are 
not ſenſible of them; for tis obſervable, that 
in ſuch ws there is frequently more Light 

than 


than what uſually proceeds from the Star 
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alone. 8 


The moſt obvious Solution of the Auro 
Borealis, or at leaſt what would appear ſ0, 
to ſuch as have only attended to the Circum- 
ſtances of ſome particular ones, and which hy 
accordingly been affixed by ſeveral “ to their 
Accounts of the Arora's they have ſeen, is 
that it is a thin Nitro-ſulphureous Vapour, 


raiſed in our Atmoſphere conſiderably higher NI 
than the Clouds; that this Vapour by Fer. M | 
mentation takes Fire, and the Exploſion of al 
one Portion of it kindling the next, the 
Flaſhes ſucceed one another, till the whole 
Quaztity of Vapour within their Reach is . 
on Fire. 1 
lation 
| th 

* Profeſſor Cotes, at the End of his Deſcription of a Phen- 4 
menen of this Kind, inſerted in the Philoſophical TranſaQtions een 
Ne 393, obſerves, that ſuppoſing a Fund of Vapours or Exhe· Ich 
lations at a confiderable Height above us to be diffuſed every that | 
Way into a large and ſpacious Plane, parallel to the Horizn in te 
that Fund of fixed Matter by Fermentation will emit Streams; Hö 
and that, if the Wind he ſtill, they will aſcend perpendicularly ern 
upwards; otherwiſe they will be inclined towards that Point an; 
the Horizon which is oppoſite to that from which the Wind pe 
blows ; and that they will appear, by the Rules of Perſpectie pad! 
In the firſt Caſe, to converge to the Spectator's Zenith, in g 
other, to ſome Point not far from it; and that if this Fundof if lat 
Vapours be ſituated more to the North than the South, it ui cout 
produce Streams of Light, attended with ſuch Circumſtances e 


then appeared: But he does not ſay, why the Vapours ſhould 
be ſituated rather to the North than to the South, or proceed td 
account for all the Phenomena of the Aurora Borealis in gene 
from thence, | 

Somd 
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Some have thought, that Vapours rarefied 
exceedingly by ſubterraneous Fire, and tinged 
with ſulphureous Steams, might from thence 
be diſpoſed to ſhine in the Night, and riſing 
up to the Top of the Atmoſphere, or even be- 
yond its Limits (as we find the Vapours of 
Gunpowder, when heated in Vacuo, will ſhine 
in the Dark, and aſcend to the Top of the 
Receiver, though exhauſted) might produce 
thoſe Undulations in the Air, which conſtitute 
his Phenomena. | 

But theſe Hypotheſes have been rejected, as 
inſufficient ; it having been thought impoſſible 
to account for all the Circumſtances of the 
lurora by them *. 


- 
| 


*In the Commentaries of the Academy of Sciences at Peter/- 
brgh, 1 find a late Solution of the Aurora Borealis from Exha- 
lations fermenting and taking Fire in the Atmoſphere, which, 
tie Author Chr. Mater ſays, occaſion the Appearance of the 
Iucid Arch in the North, and thinks that the Streams, which 
tem to iſſue from thence, are no other than the Light of that 
Arch reflected to us from the under Side of ſome thin Clouds, 
that lie above it. As to its appearing in the North rather than 
u the South, he ſuppoſes that may 4 owing to the Cold of 
thoſe Regions condenſing the Exhalations, and thereby ren- 
ering them more liable to ferment than they are in the ſouth- 
mM; but acknowledges ingenuoſly, that he has no Reaſon. to 
poſe this, but its being neceſlary to his Solution. At the 
ad he tells us, That it was known in ancient Times as well 
lately: But omits taking Notice, that it appears much oftener 
If late Years in our Climate than it uſed to do; and ſo avoids 
Kounting for that Particular. Yide Commentar, Academ. Sci- 
war, Imperial. Petropolitan. Tom. I. p. 351. 


Dr. 
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Dr. Halley therefore has Recourſe to tun 
magnetic Efjiuvia of the Earth, which he uy. 
poſes to perform the fame Kind of Circulati 
with Regard to it, as the Efiuvia of any py. 
ticular Terrella * do with reſpect to that, va 
that they enter the Earth near the South Pol, 
and pervading its Pores, paſs out again at th 
ſame Diſtance from the northern: And thinks, 
they may ſometimes, by the Concourſe of { 
veral Cauſes very rarely coincident, and to u 
as yet unknown, be capable of producing 
ſmall Degree of Light, either from the greate 
Denfity of the Matter, or perhaps from th 
greater Velocity of its Motion; after the fam 
Manner, as we ſee the Efluvia of Elin 


Bodies emit Light in the Dark. Ext 
Monſieur de Mairan has given us a PM bot 
cal and Hiſtorical Treatiſe of the Aurora b. 


realis, and endeavours to prove that it is owin 
to the Zodiacal Light, or the Atmoſphere 
the Sun, ſpread on each Side of it along tl 
Zodiac in the Form of a Pyramid. This, 

ſays, is ſometimes extended to ſuch a Leng! 
as to reach beyond the Orbit of our Earth, an 
then mixing itſelf with our Atmoſphere, 
being of an Heterogeneous Nature, produc 


A round Magnet, ſo called from the Reſemblance it b 
to the Earth. | 
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the ſeveral Appearances, which are obſerved 
in the Aurora Borealis x. 


have juſt mentioned theſe two Solutions, 
becauſe they come from two very ingenious 
Philoſophers; though I doubt not but the Rea- 
der will agree with me, that they are much 
too fine ſpun to hold, and that they are no 
other than the ingenious. Reveries of Perſons 
determined to frame an Hypotheſis at any Rate. 
queſtion not, bat we may find Materials for 
the Aurora Borealis, without going ſo far for 
them, as theſe Gentlemen have done; and in 
particular that we have no Occaſion to have 
Recourſe either to the magnetic Effluvia of the 
Earth, or the Zodiacal Light, the Nature of 
both which we are wholly unacquainted with. 
The Materials employed in the firſt Solution 
mean ſuch Efluvia as are continually ex- 
haled from the Surface and Bowels of the 
Earth) if rightly conſidered, will afford a very 
aly and natural one, as I ſhall endeavour to 
hew in the following Manner. 

Firſt, we are afſured by Experiment, that 
dere are ſome Steams (as inflammable ſulphu- 
rous ones) which are capable of ſo great a De- 
ee of Expanſion, that they will render them- 
klves lighter than the Air they float in, though 


C dee his Account at large, referred to at the End of Note, 
e155. | 
{ 


it 
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where the Air is as rare and expanded, as it 
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it be as rare, as it can be made by Art; f 
they will riſe to the Top of the Receiver, when 
exhauſted , that is, when as much Air, 283 
poſſible, is drawn out + : Such Steams there. 
fore or Exhalations, riſing out of the Earth 
from Mines, Vulcano's, &c. muſt necefſariþ 
be buoyed up towards the Top of the Atmo. 
ſphere, at leaſt, till they come to a Region, 


can be made by the Air Pump, here below 


This Height, according to Dr. Halley's Com: | 
putation 8, (which he founded upon the Ar, 
Elaſticity) is about forty or fifty Miles: Bui : 
probably it is much greater; for the A, 
which is higher than Vapours, and other E, 
Zerogeneous Matter, that is not elaſtic, rife 2 
being much purer than any we can make En 
periments upon, may be indued with a mud 0 
greater Degree of Elaſticity, and ſo the Ati # 
moſphere may be conſiderably higher, tha tn 
what he, upon that Principle, computes it R. 
be. th, 
Secondly, Theſe Efluvia being raiſed vi 
the Top of the Atmoſphere, or near it, , Ea 
floating there, will neceſſarily be carried 0 Po 
wards the polar Parts thereof, for the follow me 
ing Reaſons. 1. Becauſe the ſuperior Cuttei ter 
W. 


See Philoſoph. Tranſact. Ne 347. and 3606. 

+ It is impoſſible to extract all the Air out of a V eſſel, 0 

cauſe it is by the Spring of the Air remaining in the Valle 

that the Valves of the Pump are opened at cach Stroke. 
$ Philoſoph. Tranſact. Ne 181. | 
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of the Air, to a great Diſtance from the Equa- 
tor, is that Way *. 2. We know from Ex- 
periment, that whatever ſwims upon a Fluid 
which revolves upon an Axis, is thereby car- 
ried towards that Axis. This is exactly the 
Caſe of theſe Effiuvia, for they ſwim near the 
Top of the Atmoſphere which continually re- 
volves about the Axis of the Earth; they muſt 
therefore neceſſarily be carried towards the 
zolar Parts thereof. 

Thirdly, Theſe Efluvia being collected 
together at, or near the Poles, and of an in- 
flammable Nature, may eaſily be ſuppoſed to 
ferment, when they meet with other heferoge- 
neous ones proper to produce ſuch an Effect, 
and emit Streams of Fire; which Streams will 
naturally rife up into ſuch Parts of the Atmo- 
ſphere as are ſtill lighter than that wherein the 
Efluvia reſt, that is, directly upwards from 
the Center of the Earth. But, according to the 
Rules of Perſpective, thoſe Streams, though 
they really diverge, as Radii from a Center, 
will appear to a SpeCtator on the Surface of the 
Earth to converge towards a Point: Which 
Point will ſeem to be directly over his Head, if 
the Streams aſcend in right Lines from the Cen- 
ter of the Earth : But if they deviate all one 
Way from that Direction, the Point will be on 


As explained in Diſſertation V. 
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that Side the Zenitb towards which they in. 


cline *. | 
To illuſtrate this; ſuppoſe ſeveral Strings 
hung down from the Cieling of a Room, anda 
Candle placed upon a Table below them, the 
Shadows of them all will converge towards the 
Point, that is over the Candle. And, if they 
are made to incline, ſuppoſe all one Way, the 
Point of Convergency will remove from oyer 
the Candle, towards that Side of the Room to 
which the upper Ends of the Strings incline: 
Now if a Perſon had viewed them from the 


Place where the Candle was, and referred their 


Places to the Cieling, they would have ſcemed 
to him to have converged towards the Point, 
where the Shadows did. 

And if the Streams ſpread themſelves 2 
they ariſe, but not too much, they will never- 
theleſs appear tapering towards the upper Ends 
like Cones or Pyramids; juſt as the Sides of: 
long Walk ſeem to a Perſon that views them 


This may be made to appear in the following Manner; Let 
ADB (Fig. 38.) repreſent the Concave of the Heavens, AB the 
Horizon, C the Place of the Spectator, TV a luminous Subſtance 
ſending forth the parallel Streams EG, LM, NO, Oc. Thele 
Streams will all ſeem to converge towards the Point D, if that 
Point be taken ſuch, that the Line DC drawn from thence 90 
the Spectator's Eye, be parallel to the Streams. For Inſtance, 
the Stream EG will ſeem to riſe frome to g, LM from to n, 
and FH from V to , and ſo of the reſt. And NO will appeal 
wholly in D, the Place to which the reſt ſeem to converge. 
And if the Streams are as large, or ſomewhat larger at the uppe! 
Ends, than at the lower, they will {till appear leſs there, thoſe 
Ends being fartheſt from the Spectator's Eye. od 

= 
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from one End of it, or from a diſtant Place, 
to approach each other at that which is fartheſt 
from him. 
This being premiſed, we may now account 
for the ſeveral Phenomena of the Aurora Bo- 
realis before laid down. As, , 
1. The Blackneſs of the Sky, which gene- 
| rally appears in the northern Parts of the Ho- 
non, like a dark Cloud, is occaſioned by the 
Brightneſs of the luminous Matter of the Au- 
rora juſt above it. That the Sky is clear here, 
is evident (as was obſerved before) becauſe the 
ſmalleſt Stars are ſeen through it. | 
2. The lucid Arch immediately above, is the 

luminous Matter of the Aurora itſelf, which 
ſometimes exhibits the Appearance of a Curve, 
ſometimes of a ſtraight Line, according to its 
Form and Situation in the Atmoſphere, though 
generally that of a Curve: For, by the Rules 
of Perſpective, when a ſtraight Line is diſtended 
horizontally, and above the SpeQator's Eye, 
Le: t ought to appear bent into a Curve, whoſe 
e Center is below the Horizon D. Sometimes 
it appears on one Side the north Point, more 


* Thus, when a Perſon ſtands fronting a Row of Houſes, and 
looks over the Tops of them, if they are all of an equal Height, 


o , that Houſe which is neareſt him, will ſeem to cut the Heavens in 
peu 2 Point that will be higher than where it is cut by any of the reſt; 
yerge . and the Points where the Heavens will ſeem to be cut by the 


Tops of thoſe, which are on the Right and Left Hand of the“ 

"Pecator, will deſcend lower and lower, as the Houſes are far— 

* off; ſo that the Points, taken all together, will repreſent 
urve, 


S 2 than 
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than on the other; ſometimes regular, ſome- 
times irregular, as the various Circumſtances 
of the Air's Motion at the Top of the Atmo- 
ſphere, and of the Situation of the Haming 
Matter, may be. 

3. The Streams of Light, iſſuing out of the 
lucid Arch, are Streams of Fire emitted up- 
wards from the Matter of the Aurora, and 
ſeem, for the Reaſons already laid down, to 
converge towards the Zenith of the Spectator. 
Why they incline a little ſometimes from the 
Perpendicular, will be explained in the fifth 
Remark, where we account for the Situation 
of the Canopy. When no luminous Arch ap- 
pears, it is probable, that it is intercepted by 
the Horizon, or by the Vapours which float 
in great Quantities therein. 

4. The trembling obſerved in the upper Part 
of the Heavens, is owing to the Quicknels 
wherewith the Flaſhes ſucceed one another, 
and alſo to the irregular Motions and Agitations 
of the ſuperior Parts of the Atmoſphere. 

5. So long as the luminous Matter of the 
Aurora is all of it towards the North of us, 
the Streams cannot ſeem to meet in a Point at 
the Top, as will appear to any one that conſ. 
ders the Figure referred to in the Note (p. 1645 
but after it has advanced forwards, or become Ib. 
kindled over our Heads, then they appear toi 
meet, and form the Canopy already deſcribed; 
and when it has paſſed further ſtill, they ſeems. 


{0 
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to ariſe from all Parts; though they are much 
fainter on the ſouthern than on the northern 
Side, ſo long as the main Body of the Aurora 
remains on the northern Side of the Canopy, 
which it rarely, if ever, paſſes. The Reaſon 
why the Center of the Canopy is generally a 
few Degrees to the South of the Spectator's 
Zenith * is, becauſe the luminous Streams, 
which iſſue forth from the extreme Parts of the 
Subſtance of the Aurora, will naturally diverge 
a little from the middle ones; and, as thoſe 
which appear to us, proceed chiefly from the 
ſouthern Side (that being neareſt to us) the 
- WT Point of Convergency will neceſſarily be placed 
bs the South of our Zenzth, according to what 
at was ſaid above about the Inclination of the 

Strings hanging from the Cieling of a Room. 
If the Center of the Canopy is ſometimes to 
the Eaſtward, and ſometimes to the Weſtward 
of the Meridian, that depends upon the Mo- 
tion of that Part of the Air, which is above 
the Subſtance of the Aurora, and through 
which the Streams pals, as they riſe. This 
allo it is that makes the Streams ſeem to ariſe 
lometimes a little obliquely. 


According to this Theory, the Center of the Canopy will 
always be near the SpeQator's Zenith, wherever he is; which 
| believe is the Caſe, for I have met with no Account where 
dis otherwiſe z and ſo every Spectator ſees a different Canopy, 
Juſt as, when ſeveral Perſons are viewing a Rainbow, no two 
Perſons ſee the ſame Rainbow at the ſame Time. See Part III. 
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6. The great Height of the Aurora is ow. 
ing to the exceeding Lightneſs of the Efuvia, 
which compole the Subſtance of it (as ex. 
plained above) and the darting of the Streams 
upwards, into Regions perhaps quite aboye 
the Atmoſphere, occaſions it to exhibit at very 
diſtant Places the ſame Appearances at the 
{ſame Time. | 

7. That the Aurora appears near the Pal, 
and never at or near the Equator, is becauſe 
of the Tendency the Matter of it has towards 
the Poles, as explained above. And that it 
appears in Places more diſtant from the Pol, 
than it formerly did, is becauſe the Efluvia, 
which are now raiſed from the Earth, are 
prevented from approaching ſo near the polar 
Parts of the Atmoſphere, as they uſed to do; 
thoſe Parts being already ſtocked with others, 


which were formerly raiſed, and are now 
grown effete by frequent Fermentations and 


Exploſions. 

8. The Horizontal Trains of Light are the 
Subſtance of the Aurora juſt taking Fire, 
which runs from one Part to another, as in 2 
Train of Gunpowder kindled in any one 


Part; and ſends up Streams perpendicularly 


from Places, where it meets with a greate! 
Quantity of Matter than ordinary. 

9. When the Matter of the Aurora is ſo fat 
ſpent, as to emit no more Streams, it appeals 
only as a bright ſteady Light in the wy 
1 EZ WICH 
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which gradually dies away, for Want of freſh 
Fewel to ſupport it. 

10. As the Vapours, of which Clouds are 
formed, never riſe ſo high, as where the Mat- 
ter of the Aurora Borealis floats; it is not at 
all inconſiſtent with the foregoing Theory, if 
it is ſometimes intercepted from our Sight, by 
the Interpoſition of Clouds below. 


See farther on this Subject, Ar;totel. Meteor. 
Lib. I. Cap. 4, 5. Plinii Hiſtor. Natural. 
Cap. 26, 27. Senec. Quæſt. Natural. Lib. I. 
Lycoft. Prodigiorum ac Oſtentorum Chronicon, 
paſſim. Julius ObJequens de Prodigiis, Cap. 
13, 43, 88. Gaſſendi Animadverſ. in Drog. 
Laert. Lib. X. p. 1157. Cornelius Gemma 
de divinis Natutæ Characteriſmis. Nicephori 
Hiſtor. Eccleſiaſt. Lib. XII. Cap. 37. Td. 
Hiſpal. Hiſtor. Goth. Tom. I. p. 65. Bibli- 
othec. Orientalis Clementino- Vaticana, Tom. I. 
p. 407. Gregor. Tur. paſſim. Mem. de Lit. 
the WI de Acad. des Inſcriptions & Belles Lettres, 
Tom. IV. p. 431. Miſcellan. Berolin. Tom. I. 
p. 137. Theatr. Comet. Stani/. Lubientetz, 
p. 264, 348. Mem. pour ſervir a V'Hiftor. de 
France, Tom. I. p. 168. Mem. de T Acad. 
Royal de Sciences, for almoſt each Vear ſince 
1716. Philoſoph. Tranſ. Ne 305, 310, 320, 
347» 348, 349, 351, 352, 363, 365, 305, 
370, 385, 3955 398. 399, 402, 410, 418, 
431; and the Author referred to by Mr. Jobn- 
for, in his Quæſt. Philoſoph. Cap. IV. F. 3. 

S 4 DI S- 


— aw — 2 1 * „ 3 


. —_ —— — __p 
woe — v — 


— 2 
2 


— — 


170 Of Fermentation. Part II. 


DISSERTATION VIII. 


Of Fermentation, 


Aving had Occaſion to mention ſome of 

the Effects of Fermentation, it may not 
be amiſs, before I put an End to theſe Diſſer- 
tations, to add a ſhort Account of the Nature 
of it, and to ſhew how thoſe Effects are pro- 
duced by it, 

Fermentation is a mutual Commotion of the 
conſtituent Particles of Bodies, one among anc- 
ther; and ariſes from an Inequality in their 
Attractions of Coheſion. Authors diſtinguiſh 
it into two Kinds; the one is that which hap- 
pens when a Solid is diſſolved by a Fluid; the 
other is, when two Fluids, being mixed to- 

ether, ferment with each other. 

Thoſe Authors, who have treated of the 
rſt of theſe, tell us, That to cauſe a Fermen- 
tation between a Solid and a Fluid, ſeveral 


Circumſtances are neceſſary. Particularly Dr. 


Frend*, and Keil +, are of Opinion, 

1. That the Particles of the Solid muſt at- 
tract thoſe of the Fluid with a greater Force, 
than the Particles of the Fluid attract one 
anotner. 


see his Chemical Lectures. 25 
+ Sec his Letter to Dr. Cockburn, De Legibus Attractions 


2, That 
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2. That the Pores of the Solid muſt not be 
too ſmall to admit the Particles of the Fluid 
into them. 

z. That the Body be of ſo looſe a Contex- 
ture, that the Force of Impact, with which 
the Particles of the Fluid ruſh into its Pores, 
may be ſufficient to diſunite its Parts. 

4. That the Elaſticity of the Particles tends 
yery much to promote, and augment the 
Fermentation. | 

Dr. Boerhaave makes alſo four Conditions 
requiſite “. 

1. That there be a due Proportion between 
the Size of the Particles of the Fluid, and the 
Pores of the Body to be diſſolved. 

2. That the Figure of the Particles of the 
e luid have a determinate Relation to that of 
the Pores of the Solid. 

3. That the Particles of the Fluid be ſuffi- 
cently folid, that their Moment, or Force of 
Action may not be too weak. 

4. The laſt Qualification, he mentions, is 
aft Diſpoſition of the Particles of the Fluid, 
when received into the Pores of the Solid, to 
make ſome Stay there, and not immediately 
0 paſs through; but to act every Way upon 
the Solid, as they move towards the external 
wrface thereof. 


Dr. Boer haave's Chemiſtry, by Shaw, p. 344+ 
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ſolid Particles. Now, the latter Forces being by the Supf 
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But we have no Occaſion to have Recoutt 
to ſo many Suppoſitions: If the Particles of the 
Solid attract thoſe of the Fluid with a oreater 
Degree of Force than either thoſe of the Fluid 
or thoſe of the Solid attract one another * | 
is ſufficient; and there will follow a Diſflolutio 
of the Body, as may clearly be demonſtrated 
from the Laws of Mechanics, whatever the 
other Circumſtances, relating to the Figure 0 
Magnitude of Pores, &c. may be +, 

| Whe 


This may be thought an impoſſible Suppoſition, for th 
Force of Attraction of Coheſion being as the Surfaces of th 
attracting Particles, whatever Size or Form the Particles of th 
Solid and Fluid are of, there cannot be a greater Quantity 
Surface between every two Particles, one of which is a Partick 
of the Solid, and the other a Particle of the Fluid, than the 
is between every two Particles, which are either both of thi 
Solid, or both of the Fluid; and therefore the Particles of ti 
Solid cannot attract thoſe of the Fluid with greater Force tha 
either thoſe of the Solid or thoſe of the Fluid attract one anothe 
But it is to be conſidered, that we are not ſo well acquainted uit 
the Nature of the Attraction of Cohefion, as to determine rad 
in what Manner, and by what Laws it acts. The Experiment 
made Uſe of for this Purpoſe, only ſhew that fo long as wet 
them with the ſame Kind of Bodies, the Attraction is lang 
where the Contact is ſo. See Part I. Chap. III. But we ha 
no Method of determining, whether the Difference of Atta 
tion, which waricus Bodies exert upon one another, ariſes folk 
from a Difference in their Surfaces, or not. Ro 

+ Dem. Thus, let /, / A Cc. (Fig. 39.) repreſent a Series! 
the Particles of a F Wi, 4 5, 1 1 85 þ Series of thoſe of 
ſolid Body, contiguous to one another : And let the prickt 
Lines ff, V, &c. repreſent the Forces of Attraction betuet 
the Fluid Particles one among another, and s 5, 55, Oc. toe 
of the ſolid ones among themſelves; and let the black L" 
fr, if, &c. expreſs thoſe which are between the fluid at 


fition ſtronger than the former, the fluid Particles will 0 
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When a Solid is put into a Fluid, if their 
Particles have the above-mentioned Relation 
to each other, thoſe of the Solid being at- 
trated with greater Force towards the Fluid, 
than they are the contrary Way, they will fall 
off from the Solid, and enter in between the 
Particles of the Fluid; and for the like Reaſon, 
thoſe of the Fluid will open to themſelves a 
Way in between thoſe of the Solid, and will 
ſeparate them from each other. Neither will 
their reſpective Motions ceaſe, unleſs their 


from each other, and ſuffer thoſe of the Solid to enter in be- 
tween them; and for the ſame Reaſon the ſolid Particles will 
give Way to thoſe of the Fluid. By which Means, the Diſ- 
tances repreſented by the pricked Lines becoming greater, the 
Attractions, which they expreſs, will be diminiſhed ; ſo that the 
fluid Particles will enter quite in between the ſolid ones, and 
ue ſolid ones between the fluid ones; and both of them toge- 
ther will conſtitute ſuch a Series, as is repreſented in Figure 
4e, in the middle Row g, /, , f, &c. where the ſolid and fluid 
Particles lie mixed interchangeably one with another in a right 
Line, Now let it be ſuppoſed, that this Series is contiguous to 
cne which conſiſts wholly of Fluid above it, as is expreſſed in 
the Figure, and to another below, conſiſting of ſolid Particles 
only. Every ſolid Particle in this Series will be attracted up- 
wards with greater Force, than it is downwards; and every 
Fluid one with greater Force downwards than it 1s upwards, as 
appears by bare Inſpection of the Figure, where the black Lines, 
b in the former, expreſs the ſtronger Attractions, and the 
picked ones the weaker. And, if we ſuppoſe the Number of 
Particles in the Solid and in the Fluid to be nearly equal, thoſe 


8 les . 
0 e Fluid will not ſtop, till they have quite paſſed through 
\oſe þ . l 4 

prick e Solid; for they will always find a Series wholly conſiſting 


vt ſolid Particles before them, whilſt that which they leave 
hind, will be a Mixture of both. In like Manner, the ſolid 
mes will paſs quite through the fluid ones; for they will al- 
meet with more fluid ones before them, than they leave 


Quan- 


Kind within the Sphere of their own Attraction. 
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is neceſſary to produce it. 
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Quantities be very unequal, till they are dif. 
fuſed uniformly one among another, as ye 
may very eaſily conceive ; for till then there 
will always be ſome Particles attracted with x 
greater Degree of Force one Way than they 
are another. 

And if more of the Solid be added to thi; 
Fluid, the Particles of the Fluid will alſo en. 
ter into that Solid, till each is ſurrounded on 
all Sides with ſolid Particles, as far as its at 
tractive Force reaches. After which the Fluid 
will (as they ſay) be ſaturated, and will diſſohe 
no more. 

Again, if more of the Fluid be poured upon 
that Solid, the ſolid Particles will diffuſe them: 
ſelves farther into the Fluid, till each of them 
is encompaſſed with Particles of the Fluid, 
far as its attractive Force extends; and then 
they will ſpread themſelves no farther. 

But in either Caſe, if another Solid, ot 
Fluid, the attractive Force of whoſe Particles 
differ from thoſe of the former, be added, 1 
freſh Fermentation will begin, provided the 
attractive Forces between the Particles of thi 
former Mixture, and of thoſe which are n0\ 
added, have ſuch a Relation to each other, 1 


CY — 


Upon this Principle it ſhould ſeem, that 
Fluid ſhould always be capable of diffolving 
more than an equal Quantity of a Solid; 4 


that a Solid ſhould be capable of entering i 
 an( 
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and diffuſing itſelf through more than an 
equal Quantity of Fluid. The Reaſon why 
it is frequently not ſo is, becauſe it commonly 
happens, that the Fluid and the Solid are not 
of equal ſpecific Gravities. When the Solid 
is heavielt, ſo many of its Particles will not 
aſcend and enter into the Fluid, as would 
lotherwiſe have done; and on the contrary, 
when the Fluid is heavieſt, the Weight of 
its Particles will be an Impediment to their 
riing into, and diflolving ſo much of the 
Solid as it otherwiſe might have done. | 
We have no Occaſton to diſtinguiſh Fermen- 
tation into two Kinds, with regard to its Cauſes; 
for, according to the foregoing Theory, when- 
ever two Fluids, or a Solid and a Fluid, are put 
together, if the Particles of the one attract thoſe 
of the other, with greater Force than either 
boſe of the one, or thoſe of the other attract 
bemſelves, a Fermentation will ei enſue, 


3 Of 1 . . - 

cle Cauſe being the ſame in both Caſes. 

j, % When two Fluids, or a Solid and a Fluid, 
thefſWerment with each other, if the Agitation and 


neſine Motion of their Particles be very 
eat, or continues a long Time, and if the 
ubſtance of them be of the inflammable Kind, 
bey will, by continually rubbing one againſt 
mother, be ſufficiently heated to take Fire, 
nd burſt out into Flame; as was aid of the 
eral Compoſitions mentioned in the fore- 
zung Diſſertations. 

See 
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See the Authors, who have explained ang 
defended the old Solution, referred to by Mr, 
Johnſen in his Quæſtiones Philoſoph. Cap. Ill. 


Quzſt. 5, 6, 7. 
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CHAP, I. 
Of the Nature and Propagation of Light. 


explained ſuch Phenomena as reſult from 
{mall Particles of Matter collected toge- 
ther; and ated upon according to the Laws 
of Mechaniſm ; the Order of my Deſign now 
brings me to ſhew how according to the ſame 
Laws ſuch Phenomena, as reſult from the 
Emiſſion of infinitely ſmall Particles irom lu- 
minous Bodies, are produced; which Pheans- 
ena, being the Means, whereby the Images 
of external Objects are repreſented to our 
Minds, by the Intervention of our Organs of 
i. 8 Sight, 


| treating of the Nature of Fluids, I have 
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4 Of the Mature and Part III. 


Sight, are for that Reaſon called Optical, and 
the Doctrine, by which they are explained, the 
Science of Optics *, 

Every viſible Body emits or reflects incon- 
ceivably ſmall Particles of Matter from each 
Point of its Surface, which iſſue from it con- 
tinually, (not unlike Sparks from a Coal) in 
{trait Lines and in all Directions. Theſe Par. 
ticles entering the Eye, and ſtriking upon the 
Retina (a Nerve expanded on the back Part of 
the Eye to receive their Impulſes) excite in our 
Minds the Idea of Light. And as they differ 
in Subſtance, Denſity, Velocity, or Magni- 
tude F, they produce in us the Ideas of differ- 


ent Colours; as will be explained in its proper 
Place. 


That 


* Optics is generally divided into two Parts, wiz. Dicptric, 
under which 15 comprehended every Thing that relates to the 
Appearances ct Bodies ſeen through tranſparent Subſtances, and 
Catoptrics, or what relates to the ſeeing of Bodies by reflected 
Light. To theſe we may add a third, which properly comes un- 
der neither of the former Diſcinctions, and that is, e Doctrine 


cf Colours, which explains every Thing that relates to the Cauſes | 
of the Diverſity of Colours obſervable in natural Bodies. X 

+ It is more probable, that they differ either in Magnitude, | . 
or Denſity, than in Velocity or Subſtance. For, if the Difter- | d 
ence of Coloucs ariſe from the different Velocity of the Rays of | 1 
Light, then the Colours of Ovjects would appear changed to an 1 
Eye placed under Water, or within any Medium differing from the f 4 
Air in Denſity: For when a Ray of Light paſſes out of a M. . 
um into another of different Denſity, it undergoes an Alteration } * 
in its Velocity, as will be explained hereafter. And to ſuppoſe } 5 
them to differ in Subſtance, is contrary to that Uniformity ot 15 
Things, which is obſervable in the Univerſe; as well as repv2" WI ;. 


nant | 


Chap. 1. Propagation of Light. 5 

That the Particles, which conſtitute Light, 
are exceedingly ſmall, appears from hence, 
viz. that if a Hole be made through a Piece 
of Paper with a Needle, Rays of Light from 
every Object on the farther Side of it, are ca- 
pable of paſſing through it at once without the 
leaſt Confuſion ; for any one of thoſe Objects 
may as clearly be ſeen through it as if no Rays 
paſſed through it from any of the reſt. Fur- 
ther, if a Candle is lighted, and there be no 
Obſtacle in the Way to obſtruct the Progreſs of 
its Rays, it will fill all the Space within twa 
Miles of it every Way with luminous Particles, 
before it has loſt the leaſt ſenſible Part of its 
Subſtance thereby. | 

That theſe Particles proceed from every 
Point of the Surface of a viſible Body, and in 
all Directions, is clear from hence, viz. be- 


ich, 


the 

- nant to that Homogencity in the primogeneal Parts of Matter, 
WT vbich from the Experiments bicherto made, is thought to exiſt 
ef every where. Whereas, if we {uppoſe them to differ either in 
= Wy \lagnitudeor Denſity, nothing is more eaſy than to ſee how thoſe 
ules 


of the ſame Kind ſhould, however refracted, produce the ſame 
Colours; and alſo how thoſe which produce «:trerent Colours, 
ſhould ſuffer different Degrees of Refraction in paſling through 


— | the ſame Medium. As to the firſt, it is ſelf-evident, becauſe 

1 RefraCtion cannot alter their Magnitudes or Denſities; as to tae 
ys Leond, it is probable, that the more intenſe and ſtronger Co— 
- * bors, the Rays of which ſuffer the leaſt Refraction, are produ— 
— Wy <1 by the larger, or more denſe Particles of Light: For, that 
— | ach Particles ſhould be leſs refracted than others, is quite con- 

"ſe lonant to the Laws of Attraction of Coheſion, which, as it ts 
PP of! n Proportion to the Surfaces of Bodies only, muſt ne-eflarily 
— asc the larger, or the more denſe Particles, leſs than it does 


lie reſt; becauſe ſuch have larger Memcnta or Forces in Pro- 
portion to their Surfaces, than others have. 


8 2 cauſe 
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cauſe where-ever a Spectator is placed with re- 
gard to the Body, every Point of that Part of 
the Surface which is turned towards him, is vi- 
ſible to him. That they proceed from the Body 
in right Lines, we are aſſured, becauſe juſt ſo 
many and no more will be intercepted in their 
Paſſage to any Place, by an interpoſed Object, 
as that Object ought to intercept, ſuppoſing 
them to come in ſuch Lines. 

The Velocity, with which they proceed 
from the Surface of the viſible Body is no lets 
ſurprizing, than their Minuteneſs: The Method 
vrhereby Philoſophers eſtimate their Swiftneſs, 
is by Obſervations made on the Eclipſes of Ju- 
piter's Satellites, which Eclipſes to us appear 
about ſeven Minutes fooner than they ought to 
do by Calculation, when the Earth 1s placed 
between the Sun and him; that is, when we 
are neareſt him, and as much later, when the 
Sun is between him and us, at which Time we 
are fartheit from him; from whence it is con- 
cluded, that they require about ſeven Minutes 
to paſs over a Space equal to the Diſtance be- 
tween the Sun and us, which is about eighty- 
one Millions of Miles *. 


A 


* This affords us another Proof of the ſurprizing Fineneſs of 
the Particles of Light; for the above-mentioned Velocity of the 
Rays is conſiderably more than a Million of Times greater than } 
that of a Cannon Pall. Were they not therefore inconceivably J 


ſmall, the Eye would be rather wounded than . 
them; 4 


Chap. 1. Propagation of Light. 7 
A Stream of theſe Particles iſſuing from the 
Surface of a viſible Body in one and the ſame 
Direction, is called a Ræy of Light. 
As Rays proceed from a viſible Body in all 
Directions, they neceſſarily become thinner 


and thinner, continually ſpreading themſelves, . 


as they paſs along, into a larger Space, and that 
in Proportion to the Squares of their Diſtances 
from the Body *; that is, at the Diſtance of 
two Spaces, they are four Times thinner, than 
they are at one; at the Diſtance of three Spaces, 
nine Times thinner, and ſo on: The Reaſon of 
which is, becauſe they ſpread themſelves in a 


twofold Manner, v/z. upwards and downwards, 
as well as fide- ways. 


them; and the tender Flowers of Plants would be fo far from 


being cheriſhed by them, that they would be torn in Pieces, 
and not able to ſtand before them. 


* This Propoſition is demonſtrated mathematically thus; let 
us conceive two concentric Surtaces ABD, and EFG (Fig. 1.) 
and in theſe, two ſimilar Portions ELFI, and AHBK ; let the 
Rays CE and CF, with the reſt proceeding from the Center C, 
fall upon the Portion ELFI and cover it; it is evident from In- 
ſpection of the Figure, that the ſame Rays at the Diſtance CH 
will cover the Portion AHBK only ; now theſe Rays bring the 
ſame in Number at each Place, will be thinner in the former, 
tian they are in the latter, in Proportion as that is larger than 
tus; but theſe Spaces being ſimilar Portions of the Surfaces of 
dpheres, bear. the ſame Proportion to each other, that the Sur- 
faces themſelves do, that is. they are to each other as the 
Squares of their Radii CL, CH ; the Rays therefore are more 
ditfuſed, or thinner in Proportion to the Squares of the ſame 
Radii, or of their Diſtances from the luminous Point C. 


. E. D. 


8 3 The 


$ Of the Mature, &c. Part III. 


The Particles of Light are ſubje& to the 
Laws of Attraction of Coheſion like other ſmall 
Bodies, for if a Ray of Light be made to paſ 
by the Edge of a Knife, it will be diverted from 
its natural Courſe, and be inflected towards the 
Edge of the Knife. The like Inflection hap. 
pens to a Ray when it enters obliquely into x 
denſer or rarer Subſtance than that in which it 
was before, in which Caſe it is ſaid to be 7e. 
Jrafed; the Laws of which Refraction are 
the Subject of the following Chapter &. 


® The Carieſſan Notion of Light, was not, that it is propa- 
our from luminous Bodies by the Emiſſion of ſmall Particles, 

ut that it was communicated to the Organ of Sight by their 
Preſſure upon the Materia Subtilis, with which they ſuppoſed the 
Univerſe to be full. But according to this Hyporhe/es, it could 
never be dark ; becauſe when a Fluid ſuſtains any Preſſure, if 
I. that Fluid fills all the Space it takes up, abſolutely, without le- 


| ing any Pores, which is the Caſe of the ſuppoſed Materia Sub- 
bl. tilis; then that Preſſure muſt neceſſarily be communicated equally 
It and in/tanteoufly to every Part: And therefore, whether the 
| Sun were above or below the Horizon, the Preſſure communi- 


cated, and conſequently the Light, would be the ſame. And 
Þ farther, as the Preſſure would be inſtantaneous, ſo would the 
1 Light, which is contrary to what is collected, as we obſerved 
above, from the Eclipſes of Jupiter's Satellites, 
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Chap. 2. De Cauſe of Refraction, &c. 9 


C HAP. II. 


Of the Cauſe of Refraction, and the 
Law by which it is performed. 


Hatever Subſtance a Ray of Light 

paſſes through, or if it paſſes through a 
Space void of all Subſtance, it is ſaid by Phi- 
loſophers to paſs through a Medium; and there- 
fore if it paſſes out of any Subſtance, as Air or 
Glaſs, into a Vacuum, or the contrary, it is ſaid 
to paſs out of one Medium into another. 

All Bodies being endued with an attractive 
Force, which 1s extended to ſome Diſtance 
beyond their Surfaces ; when a Ray of Light 
paſſes out of a rarer into a denſer Medium (if 
this latter has a greater attractive Force than 
the former, as is commonly the Caſe *, and 
what we ſhall hereafter always ſuppoſe, unleſs 
it be mentioned to the contrary) the Ray juſt 
before its Entrance will begin to be attracted 
towards the denſer Medium, and this Attrac- 
tion will continue to act upon it, till ſome 
Time after it has entered the Medium, as we 
ſhall ſhew by and by ; and therefore if a Ray 
approaches a denſer Medium in a Direction 
perpendicular to its Surface, its Velocity will 


In oily and inflammable Bodies it happens otherwiſe ; for 
they are obſerved to attract more ſtrongly than others of 


greater Denſity. 
8 4 bs 
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be continually accelerated during its Paſſage 
through the Space in which that Attraction ex- 
erts itſelf; and therefore, after it has paſſed 
that Space, it will move on, till it arrives at the 
oppoſite Side of the Medium, with a greater 
Degree of Velocity than it had before it en- 
tered. So that in this Caſe its Velocity only will 
be altered. Whereas, if a Ray enters a denſer 
Medium obliquely, it will not only have its Ve- 
locity augmented thereby, but its Direction 
will become leis oblique to the Surface. Juſt 
as when aStone is thrown downwards obliquely 
from a Precipice, it falls to the Surface of the 
Ground in a Direction nearer to a perpendi- 
cular one, than that with which it was thrown 
from the Hand. From hence we ſee a Ray 
of Light in paſſing out of a rarer into a denſer 
Medium, is refracted towards the Perpendicu- 
lar; that is, ſuppoſing a Line drawn perpen- 
dicularly to the Surface of the Medium, through 
the Point where the Ray enters, and extend- 
ed both Ways, the Rays in paſſing through 
the Surface is refracted or bent towards the 
perpendicular Line; or, which is the fame 
Thing, the Line which it deſcribes by its Mo- 
tion after it has paſſed through the Surface, 
makes a leſs Angle with the Perpendicular, 
than the Line it deſcribed before. All which 
may be illuſtrated in the following Manner. 


Let | 


Chap. 2. TheCauſeof Refraction, Ic. 11 
Lt us ſuppoſe firſt, that the Ray paſſes 


out of a Vacuum into the denſer Medium AB 
CD, (Fig. 2.) and that the attractive Force of 
each Particle in the Medium is extended from 
its reſpective Center to a Diſtance equal to that 
which is between the Lines AB and EF, or AB 
and GH; and let KL be the Path deſcribed by 
a Ray of Light in its Progreſs towards the den- 
ſer Medium. This Ray when it arrives at L will 
enter the attractive Forces of thoſe Particles 
which lie in AB the Surface of the denſer Me- 
dium, and will therefore ceaſe to proceed an 
longer in the right Line KLM, but will be di- 
verted from its Courſe by being attracted to- 
wards the Line AB, and will begin to deſcribe 
the Curve LN, paſſing through the Surface AB 
in ſome new Direction as OQ, thereby making 
alels Angle with a Line as PR drawn perpen- 
dicularly through the Point N, than it would 
have done, had it proceeded in its firſt Direc- 
tion KLM. 

Farther, whereas we have ſuppoſed the 
attractive Force of each Particle to be ex- 
tended through a Space equal to the Diſtance 
between AB and EF, it is evident, the Ray 
after it has entered the Surface, will ſtill be 
attracted downwards, till it has arrived at 
tne Line EF; for till that Time, there will 
not be fo many Particles above it which will 
attract it upwards, as below, that will at- 
tract it downwards. So that after it has en- 


tered 
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tered the Surface at N, in the Direction O0, 
it will not proceed in that Direction, but wil 
continue to deſcribe a Curve, as NS, after 
which it will proceed ſtrait on towards the 
oppoſite Side of the Medium, being attracted 
equally every Way; and therefore will at lat 
proceed in the Direction XST till nearer the 
Perpendicular PR than before. 

Now if we ſuppoſe the Space ABYZ not to 
be a Vacuum, but a rarer Medium than the 
other, the Caſe will till be the ſame; but the 
Ray will not be ſo much refracted from its rec- 
tilineal Courſe, becauſe the Attraction of the 
Particles of the upper Medium being in a con- 
trary Direction to that of the Attraction of the 
thoſe in the lower one, the Attraction of the 
denſer Medium will in ſome Meaſure be de- 
ſtroyed by that of the rarer. 

On the contrary, when a Ray paſſes out 
of a denſer into a rarer Medium, if its Direc- 
tion be perpendicular to the Surface of the 
Medium, it will only loſe ſomewhat of its 
Velocity, in paſſing through the Spaces of At- 
traction of that Medium (that is, the Space 


wherein it is attracted more one Way than it 
is another.) If its Direction be oblique, it 
will continually recede from the Perpendicu- 
lar during its Paſſage, and by that Means have | 
its Obliquity increaſed, juſt as a Stone thrown | 
up obliquely from the Surface of the Earth 
increaſes its Obliquity all the Time it riſes, | 
Thus, ſuppoſing the Ray TS paſting out of the 

6 denſet 
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denſer Medium ABCD into the rarer AB VZ, 
when it arrives at S it will begin to be attracted 
downwards, and ſo will deſcribe the Curve 
SNL, and then proceed in the right Line LK, 
making a larger Angle with the Perpendicular 
PR, than the Line TSX in which it proceeded 
during its Paſſage through the other Medium. 
The Space through which the Attraction of 
| Cohefion of the Particles of Matter is extended 
is ſo very ſmall, that in conſidering the Progreſs 
of a Ray of Light out of one Medium into an- 
other, the Curvature it deſcribes in paſſing 
through the Space of Attraction is generall 
neglected ; and its Path is ſuppoſed to be bent, 
or in the uſual Terms, the Ray is ſuppoſed to 
be refracted only in the Point where it enters 
the denſer Medium. | 
Now the Line, which a Ray deſcribes be- 
fore it enters a denſer or a rarer Medium is 
called the Incident Ray; that which it de- 
(cribes after it has entered, is the Refrafed 
Ray. | 
The Angle comprehended between the In- 
cident Ray and the Perpendicular, is the An- 
gle of Incidence; and that between the refracted 
Ray and the Perpendicular, is the Angle of Re- 
fradlion. 
There is a certain and immutable Law or 
. Rule, by which Refraction is always perform- 
nM ©; and that is this: Whatever Inclination a 
„lay of Light has to the Surface of any Medi- 


um 
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um before it enters it, the Degree of Refraction 
will alway be ſuch, that the Proportion he. 
tween the Sine of the Angle of its Incidence, 
and that of the Angle of its Refraction, wil 
always be the-ſame in that Medium &. 


To 


® Lemma. If from a Point as M (Fig. 4.) taken any where 
without the Circle PNQ, a Line as MP be drawn paſling thro! 
L the Center of the Circle, and terminated in the Circumfe. 
rence at P, the Product of MQ multiplied by MP is equal to 
the Difference between the Squares of ML and PL. 

Demonſiration of the Lemma. Call MQ, a; and the Radius of 
the Circle LQ or LP, &; then will the Diameter QP be expreſ. 
ſible by 24, and the whole Line MP, by a+ 26 ; then multiply. 
ing MQ by MP, that is, a by a+ 26, we have for the Produd 
of this, aa+2ab, Now the Square of the Line ML, which is 
expreſſible by 2+6, is aa+2ab6+66b, and the Square of PL i; 
6b; but the Difference between theſe Squares, wiz. aa+24) 
+ 6b and 46 is evidently aa+2ab; and therefore the Product 
of MQ multiplied by MP is equal to the Difference between 
the Squares of ML and LP. 2. E. D. 

Demonſtration of the Propoſition. When a Ray of Light paſſes 
through the Space of Attraction of any Medium, it is evident 
that its Motion will be ſubject to the like Laws with that of 
Projectiles, provided we ſuppoſe it to be acted upon with an 
equal Degree of Force during its whole Paſſage through that 
Space, as is commonly ſuppoſed to be the Caſe in PrejeZiles to 
whatever Height they are thrown from the Earth. We will 
therefore put a Caſe as nearly parallel as may be to that which 
was demonſtrated of Proje&iles in the ſeventh Chapter of the 
firſt Part; and ſuppoſe firſt, that the Force of Attraction of the 
denſer Medium is at all Diſtances the ſame as far as it reaches, 
and that the Ray proceeds out of a denſer into a rarer Mediun; 
in which Caſe it will be attracted back towards the denſer M. 
dium, during its Paſſage through the Space of Attraction, 1! 
like Manner as a Pręjccile thrown upwards is while it riſes from 
the Earth. Let then ABCD (Fig. 4.) repreſent the denſer M. 
dium, and ABE FF the Space of Attraction; and let GH be 2 
Ray about to enter the Force of Attraction at H, and let GH 
be produced to M. Now it is evident, that in this Suppoſition, 
the Ray when at II, is in the fame Circumſtances with a Pri: 


Jett 


Chap. 2. The Cauſeof Refraction, &c. 1 g 


To illuſtrate this, Let us ſuppoſe ABCD 


(Fig. 3.) to repreſent a rarer, and ABE F a 
denſer Medium; let G H be a Ray of Light 


paſſing 


jefile about to be thrown upwards from H towards M, it will 
therefore ceſcribe a Portion of a Parabola as HI; to which the 
Line HM will be a Tangent at H; and the Line IK, in which 
it would proceed after it has paſſed the Space of Attraction, a 
Tangent to it at I; for after having left the attractive Force at 
, it goes ſtrait on in its laſt Direction. Let the Perpendicu- 
lar I R be drawn meeting G H produced in M, and let KI be 
produced to L. On the Center L with the Radius LI, de- 
{cribe the Circle PNQ, let fall the Perpendicular LO upon MR, 
and join the Points L and N. Now it 1s demonſtrated in the 
Caſe of Projectiles, that the Parameter of the Point H is equal 


to 15 and therefore the Parameter multiplied by MI is 
1 

equal to HMq. And it is there farther demonſtrated, that the 
fad Parameter is equal to four times the Height which a Body 
muſt fall from, to acquire the Velocity the Projectile has at 
H; this Parameter therefore 1s a Quantity not at all depending 
on the Direction of the Projectile, but on its Velocity only; 
and conſec, uently in the preſent Suppoſition it is a given Quan- 
tity, the Ray GH being ſuppoſed to have the ſame Velocity, 
whatever is its Inclination to the Surface AB. Now the Tan- 
gent KI being produced to L, will by the Property of the Pa- 
rabala, biſect the other Tangent H M, wherefore the Line LO 
being parallel to HR, MR will alſo be biſected in O; and add- 
ing the equal Lines OI and ON to each Part, MN will be equal 
„R; but the Line IR is allo a Line independent of the Incli- 
nation of the Ray G H, its Length being detcrmined by the 
breadth of the Space of Attraction ABEF only, and therefore 
MN is a given Quantity. Now, whereas MI, when multi- 
un; plied by the Parameter of the Point H, which before was ſhewn 

w be a given Line, is equal to the Square of HM, therefore the 
„u ewe Line MI when multiplied by any other given Line (viz, 
| WN) if it is not equal to, will nevertheleſs bear a given Pro- 
Me- __ to the Square of HM : But fince MI multiplied by MN 
as a viven Proportion (. a Proportion that does not depend 
a the Inclination of the Ray G H) to the Square of MH, its 
qua), Stg. the Product of MQ multiplied by MP (37 EI. z.) 
be WOE is equal to this, the Difference between the Squares of 
ML 
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paſſing through the firſt and entering the ſecond 
at H, and let HI be the refracted Ray; then 


ſuppoſing the Perpendioular PR drawn thro 
the Point H, on the Center H, and with any 


ML and PL (by the foregoing Lemma), or, which is the ſame 
Thing, of ML and LI, (becauſe PL and LI are Radii of the 
ſame Circle) does ſo too. Now the Square of ML bears alſo a 

iven Proportion to the Square of MH (ML being equal to half 

H) conſequently there 1s a given Proportion between the 
Square of ML and the Difference of the Squares of ML and II; 
and therefore there 1s a certain Proportion between the Lines 
themſelves, wiz. brtween ML and LI. But in every Triangle 
the Sides are proportionable tothe Sines of their oppokite Angles, 
therefore in the Triangle MLI, the Sine of the Angle LMI hasa 
given Proportion to * Sine of the Angle LIM, or of its Com- 
3 to two right ones MIK (for they have the ſame Sine: 

ut LMI being an Angle made by the incident Ray GH pro- 
duced, with the Perpendicular RM, 1s the Angle of Incidence, 
and MIK being made by the refracted Ray IK, and the ſame 
Perpendicular, is the Angle of Refraction, therefore in this Caſs 
there is a conſtant Ratio between the Sine of the Angle of Inci- 
dence, and that of the Angle of Refraction. 

We have here ſuppoſed that the Force of Attraction is every 
where uniform, but if it be otherwiſe, provided it be the ſame 
every where at the ſame Diſtances from the Surface AB, the 
Proportion between the forementioned Sines will ill be a given 
one. For, let us imagine the Space of Attraction divided into 
parallel Planes, and the Attraction to be the ſame through the 
whole Breadth of each Plane tho' different in different Planes, 
the Sine of the Angle of Incidence out of each will, by what 
has been demonſtrated above, be to the Sine of the Angle 
of Refraction into the next in a given Ratio; and therefore, 
fince the Sine of the Angle of Refraction out of one will be 


the Sine of the Angle of Incidence into the next, it is evident | 


that the Sine of the Angle of Incidence into the firſt will be in 
a given Ratio to the Sine of the Angle of Refraction out of 
the laſt. Now let us ſuppoſe the Thickneſs of theſe Planes dr 
miniſhed 7x infinitum, and their Number proportionably in- 
creaſed, the Law of Refraction will ſtill continue the ſame; 
and therefore whether the Attraction be uniform or not, there 
will be a conſtant Ratio between the Sine of the Angle of In 
dence and of Refraction. Q. E. D. 


_ Ragus 
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Radius deſcribe the Circle APBR, and from G 
and I where the incident and refracted Rays 
cut the Circle, let fall the Lines GK and IL 
perpendicularly upon the Line PR, the former 
of theſe will be the Sine of the Angle of Inci- 
dence, the latter of Refraction. Now if in 
this Caie, the Ray GH is fo refracted at N, 
that GK is double or triple, &c. of IL, then 
whatever other Inclination the Ray GH might 
have had, the Sine of its Angle of Incidence 
would have been double, or triple, &c. to that 
of its Angle of Refraction. For Inſtance, had 
the Ray paſſed in the Line MH before Refrac- 
tion, it would have paſſed in ſome Line, as HN 
afterwards, ſo ſituated that MO ſhould have 
been double or triple, &c. of NQ. 

When a Ray paſſes out of a Vacuum into 
Air, the Sine of the Angle of Incidence is 
ſound to be to that of Refraction, as 100036 
to 100000. 

When it paſſes out of Air into Water, as 
about 4 to 3. 

When out of Air into Glaſs, as about 17 ta 


I! 


When out of Air into a Diamond, as about 
(tO 2. 


7. | CHAP 
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C HAP. III. 


Of the Refraction of Light in paſſing 
thro plain and ſpherical Surfaces, 


S Rays of Light are capable of having 

\ their Progreſs altered by Refraction or 
Reflection, it is poſſible they may acquire yi 
rious Inclinations and Directions different from 
thoſe which they had at their Emiſſion from 
the Surfaces of viſible Bodies. 

When they recede from each other as they 
2 along, they are ſaid to diverge; and the 

oint they proceed from, is called the Radiant 
Point, 

When they proceed towards any Point ap- 
proaching nearer together in their Progrels, 
they are then ſaid to converge ; and the Point 
towards which they tend, is called the Focus. 

This Focus may be either real or imagt- 
nary; it is ſaid to be real, when the Rays ac- 
tually proceed to it ; but if they are intercepted 
in their Progreſs, or turned another Way be— 
fore they reach it, it is called their :magma!) 
Focus. 
Sometimes it happens, that Rays are ſo te- 
fracted or reflected, that they proceed after- 
wards, as from ſome Point, which 1s not their 
true Radiant, then alſo that Point is called thel 
imaginary Focus. 


When 


Chap. 3. De Cauſeof Refraction, &c. 19 


When they proceed in parallel Lines, they 
are then called parellel Rays; and both their 
Focus and radiant Point is ſuppoſed to be at 
an infinite Diſtance. | 

When Rays paſs out of one Medium into 
another, they ſuffer various Alterations in their 
Motion. All which are expreſſed in the 
eighteen following Propoſitions, 


I. When parallel Rays fall obliquely on a 
plain Surface of a Medium of different Denſity, 
they are parallel allo after Refraction. For hav- 
ing all the fame Inclination to the Surface, 
they ſuffer an equal Degree of Refraction. 

II. When diverging Rays paſs out of a rare: 
into a denſer Medium through a plain Surface 
they are made thereby to diverge lels. 

For being all refracted towards their reſpec- 
tive Perpendiculars, (but thoſe the moſt that 
are the moſt oblique to the Surface,) they are 
brought nearer to a Paralleliſm among them- 
ſelves ; that is, they are made to diverge leſs 
than before. | 

See this and the following Caſes expreſſed 


more determinately, and demonſtrated in the 
Note below *. a 


III. When 


* I. When Rays paſs out of one Medium into another of 
different Denſity through a plain Surface; if they diverge, 
the focal Diſtance will be to that of the radiant Point ; if they 
converge, it will be to that of the imaginary Focus of the Faci- 


dent 
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III. When they proceed out of a denſer into 
a rater Medium, the contrary happens; for then 
being refracted from their reſpective Perpendi- 
culars, and thoſe the moſt that are the moſt ob- 
lique, they are made to diverge more. 


IV. 80 


dent Rays, as the Sine of the Angle of Incidence is to that of 
the Angle of Refraction. 

This Propoſition admits of four Caſes. 

Caje 1. Of diverging Rays paſſing out of a rarer into a denſet 
NJ. dium. a 

Dem. Let X (Fig. 10.) repreſent a rarer, and Z a denſer Me 
dium, ſeparated from each other by the plain Surface AB; ſup- 
poſe CE and CD to be two diverging Rays proceeding from 
the Point C, the one perpendicular to the Surface, the other 
oblique; through E draw the Perpendicular PK. The Ray 
CD being perpendicular to the Surface will proceed on in the 
right Line CQ, but the other falling on it obliquely at E, and 
there entering a denſer Medium, will ſuffer a Refraction towards 
the Perpendicular EK. Let then EG be the refracted Ray, 
and produce it baeł till it interſects DC produced alſo, in F; 
this will be the focal Point. On the Center E with the Ra- 
dius EF, deſcribe the Circle AFBQ, and produce EC to H; 
draw HI the Sine of the Angle of Incidence and GK that of 
Re fraction; equal to this is FP or CM, which let be drawr. 
Now if we ſuppoſe the Points P and E contiguous, or neatly 
ſo, then will the Line HE be almoſt coincident with FD, and 
therefore FD will be to CD as HE to CE; but HE is to CE 
as HI to CM, becauſe the Triangles HIE and CME are ſimi- 
lar ; that 1s, the focal Diſtance of the Ray CE is to the Diſtance 
of the Radiant Point, as the Sine of the Angle of Incidence 
s to that of the Angle of Refraction. ©. E. D. 

Obſ. 1. Whereas the Ratio of FE to ME, or cubich is the ſant 
Thing, that of nD to CD bears the exadt Proportion of HI 
CM, and becauſe this, (being the Ratio of the Sine of the Angle 
of Incidence to that of the Angle of Refradion) is alway the 
Same, ihe Line In ig in all Iuclinations of the Ray CE, at tht 
fame D:iftance from CM; conſequently had CF, ren coincident 
ewith CD, the Point H had fallen upen n; and becauſe he Circle 
paſſes through both N and F, F would ali hawe fallen inn U. 


fe 
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IV. So when converging Rays paſs out of 


a rarer into a denſer Medium, through a plain 


Surface, they are made thereby to converge 


| leſs. 


For 


upon which Account the Focus of the Ray CE would have been there. 

But the Ray CE being oblique to the Surface DB, the Point H is at 
fame Diſtance from n; and therefore the Point F is necefjarily ſo too, 

and the more ſo by hew much the greater that Diſtance is : from 

ewhence it is clear, that no two Rays flowing from the radiant Point 

C and falling with different Obliquities on the Surface BD, will 
after Refraction there, procerd as from the ſame Point; therefore 
firitly ſpeaking, there is no one Point in the Line D produced, that can 
more properly be called the Focus of Rays flowing from C, than ano- 
ther : for thoſe which enter the refracting Surface near D, will after 
Refraction proceed, as has been obJerved, from the Parts about n; 

thoſe which enter near E, will flow as from the Parts about F; 

theſe which enter about T, as from ſome Points in the Line DF pro- 

duced, &c. And it is farther to be obſerved, that when the Angle 
DCE becomes large, the Line n F increaſes apace ; wherefore thoſe 
Rays which fall near T, proceed after Refraction, as from a more 

diffuſed Space, than thoſe which fall at the ſame Diſtance from each 
other near the Point D. Upon which Account it is uſual with Op- 

tical Writers to ſuppoſe.the Diſtance between the Peints auhere the 

Rays enter the plain Surface of a refratting Medium, to be incon- 

fiderable with Regard to the Diſtance of the radiant Point, if they 

diverge ; or to that of their imaginary Focus, if they converge e aud 

unleſs there be ſome particular Reaſon to the contrary, they conſider 

them, as entering the refracting Medium in a Direction as nearly 

perpendicular to its Surfaces as may be. 

Caſe 2. Of diverging Rays proceeding out of a denſer into a 
rarer Medium. 

Dem. Let X be the denſer, Z the rarer Medium, FD and 
FE two diverging Rays proceeding from the Point F; and ſup- 
poling the Perpendicular PK drawn as before, FP will be the 
dine of the Angle of Incidence of the oblique Ray FE, which 
in this Caſe being refracted from the Perpendicular, will paſs 
on in ſome Line as ER, which being produced back to the Cir- 

cumference of the Circle will cut the Ray FD ſomewhere, ſup- 
| © -A pole 
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For being all refracted towards their reſpec- 
tire Perpendiculars, and thoſe the moſt that are 
the moſt oblique, they themſelves are brought 
nearer to a Paralleliſm, and fo converge 


leſs. 
V. On 


poſe in C, this therefore will be the imaginary Focus of the 
refracted Ray ER; draw RS the Sine of the Angle of Refrac- 
tion, to which HI will be equal: but here alſo FP or its equal 
CM, is to HI, as EC to EH, or (if the Point D and E be con- 
fidered as contiguous) as DC to DF ; that is, the Sine of the 
Angle of Incidence is to the Sine of the Angle of Refraction, 
as the focal Diſtance to that of the radiant Point. 2. E. D. 
Caſe 3. Of converging Rays paſſing out of a denſer Mediun 
Into a rarer. 0 

Dem. Let Z be the denſer, X the rarer Medium, and GE 
the incident Ray; this will be re fracted from the Perpendicular 
into a Line as EH; then all Things remaining as before, GK, 
or its equa! FP, or CM will be the Sine of the Angle of Inci. 
dence, and HI that of Refraction: but theſe Lines, as before, 
are to each other,, as DC to DF; that is, the focal Diſtance 

is to the Diſtance of the imaginary Focus, as the Sine of the 
Angle of Incidence to that of the Angle of Refraction. 
x 3 : 

Caſe 4. Of converging Rays paſſing out of a rarer into a 
denſer Medium. 

Dem. Let Z be the rarer, X the denſer Medium, and RE 
the incident Ray; this will be refracted towards the Perpendt- 
cular into a Line, as EF; C will be the imaginary Focus, and 
F the real one, HI which is equal to RS, the Sine of the An- 
gle of Incidence, and FP that of the Angle of Refraction: 
but theſe are to each other, as DF to DC; and therefore the 
focal Diſtance is to that of the imaginary Focus, as the Sine of 
the Angle of Incidence is to that of the Angle of RefraRtion. 
Q. ZE. D. 


II. When parallel Rays fall upon a ſpherical Surface of dit- 
ſerent Denſity, the focal Diſtance will be to the Diſtance of the 
Center of Convexity, as the Sine of the Angle of Incidence 15 
to the Difference between that Sine and the Sins of the Angle 
of Retraction. 7 

; This 


t . =>$fZ...:. 
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V. On the contrary, when they proceed 
out of a denſer into a rarer Medium, they are 
refracted the contrary Way, and ſo made to 
converge more, 


All 


This Propoſition admits of four Caſes. 

Ca/e1. Of parallel Rays paſſing out of a rarer into a denſer 
Medium through a convex Surtace of the denſer. 

Dem. Let AB (Fig. 11.) repreſent a convex Surface, C its 
Center of Convexity ; HA and DB two parallel Rays, paſſing 
out of the rarer Medium X into the denſer Z, the one perpen- 
dicular to the refracting Surface, the other oblique : draw CB, 
this being a Radius, will be perpendicular to the Surface at the 
Point B; and the oblique Ray DB being in this Caſe refracted 
towards the Perpendicular, will proceed in ſome Line, as BF, 
meeting the other Ray in F, which will therefore be the Focal 
Point: produce CB to N, then will DBN, or its equal BCA 
be the Angle of Incidence, and FBC that of Refraction. Now, 
whereas any Angle has the ſame Sine with its Complement to two 
right enes, the Angle FCB being the Complement of ACB, which 
is equal to the Angle of Incidence, may here be taken for that 
Angle; and therefore, as the Sides of a Triangle have the ſame 
Relation to each other, as the Sines of their oppoſite Angles have, 
FB being oppoſite to this Angle, and FC being oppoſite to the An- 
gle of Refrattion, they may here be conſidered as the Sines of 
the Angles of Incidence and of Refraction; and for the ſame 
; Reaſon CB may be conſidered as the Sine of the Angle CFB. 
1 which Angle being together with the Angle FBC, equal to the 

external one ACL (32 El. 1.) is itſelf equal to the Difference 
between thoſe two laſt Angles ; and therefore the Line FB is 
. to CB as the Sine of the Angle of Incidence is to the Sine of 
an Angle which is equal to the Difference between the Angle 
of Incidence and of Refrattion., Now, becauſe in very ſmall 
Angles as theſe are, for we ſuppoſe in this Caſe aljo the Diſtance 
A to vaniſh, the Reaſon of which will be ſhewn by and by, their 
dines bear nearly the ſame Proportion to each other that they 
themſelves do, the Diſtance FB will be to CB as the Sine of the 
Angle of Incidence is to the Difference between that Sine and 
the Sine of the Angle of Refraction; but becauſe BA waniſhes, 
FB and FA are equal, and therefore FA is to CA in that Pro- 
portion, Q. E. D. 


1 Obſ. 2. 
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All which may be illuſtrated in the follow- 
ing Manner. 1. Let AB, CD, (Fig. 5.) be 
two parallel Rays falling on the plain Surface 

EF 


Obſ. 2. It appears from the foregeing Demonſlration, that the 

Focal Diſtance of the Obligue Ray DB, is ſuch, that the Line BF 
ſhall be to ihe Line CB or CA as the Sine of the Angle of Incidence to 
the Sine of an Angle, which Angle is equal to the Difference betaueen 
rhe Angle of Incidence and Refration ; herefore ſo long as the Angles 
BCA, &c. are /mall, fo long the Line FB is pretty much of the /ame 
Length, becauje ſmall Angles have nearly the ſame Relation to each 
other that their Sines hawe. But when the Point B is removed far 
from A, ſo that the Ray DB enters the Surface, ſupprſe about O, the 
Angles BCA, & c. beceming large, the Sine of the Angle of Incidence 
begins to bear a conſiderably lejs Propertion to the Sine of an Angle 
aohich is equal to the Difference between the Angle of Incidence and 
Refraction than before, and therefore the Line BF begins to beat a 
much leſs Proportion to BC; wherefore its Length decreaſes apace : 
Uzon which Account thoſe Rays which enter the Surface about O, nit 
only meet nearer the Center of Convexity than thoſe which enter at A, 
but are collected into a more diftaſed Space. From hence it is, that 
the Point wwhere thoje only which enter near A, are collected, is rect 

oned the true Focus; and the Diſtance AB in all Demonſtrations re- 
dating to the Foci of parallel Rays entering a ſpherical Surface whe- 
ther convex or concave, is ſuppeſed to vaniſh. 

Caſe 2. Of parallel Rays paſſing out of a denſer into a rarer 
Medium through a concave Surface of the denſer. 

Dem. Let X be the denſer, Z the rarer Medium. AB the 
Surface by which they are ſeparated, C the Center of Convex- 
ity, and HA and DB two parallel Rays, as before. Through 
B the Point where the oblique Ray DB, enters the rarer Me- 
dium, draw the Perpendicular CN ; and let the Ray DB, being 

in this Caſe re fracted from the Perpendicular, proceed in the 
Direction BM]; produce BM back to H; this will be the ima- 

ginary Focus, and DBN, or its equal ACB will be the Angle 

of Incidence, and CBM, or its equal HBN (for they are verti- 

cal) that of Refraction; produce DB to L and draw BF ſuch, 

that the Angle LBF may be equal to DBH : then becauſe NBD 

and DBH together are equal to NBH the Angle of Refrac- 

ion, therefore BCA which is equal to the firſt, and EBF which 

FE) Fed is 


* 0 * 
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EF of a Medium of a different Denſity : Now 
becauſe they both make equal Angles of Inci- 
dence with their reſpective Perpendiculars GH, 

IK, 


is equal to the Second, are together equal to the Angle of Re- 
fraftion ; but LBF is equal to BFA (as being alternate to it) con- 
ſequently BFA and BCA together are equal to the Angle of Re- 
fraction; and therefore ſince one of them, wiz. BCA is equal 
to the Angle of Incidence, the other 1s the Difference between 
that Angle, and the Angle of Refraction. Now FB the Sine of 
the Angle FCB, or which is the ſame Thing, of its Complement 
to two right ones BCA, the Angle of Incidence, 1s to CB the 
Sine of the Angle BFC, as FB to CB, that is as HB to CB; for 
the Angles DBH and LBF being equal, the Lines BF and BH 
are ſo too; but the Diſtance BA vaniſhing, HB 1s to CB, as HA 
to CA: that 1s, the Sine of the Angle of Incidence 1s to the 
Sine of an Angle which 1s the Difference between the Angle of 
Incidence and Refraction, or becauſe the Angles are ſmall, to 
the Difference between the Sine of the Angle of Incidence and 
that of Refraction, as the Diſtance of the Focus from the Sur- 
face is to that of the Center from the ſame. 2. E. D. 

Caſe 3. Of parallel Rays paſſing out of rarer into a denſer 
Medium through a concave Surface of the denſer. 

Dem. Let X be the denſer Medium having the concave Surface 
AB, and let LB and FA be the incident Rays. Now whereas, 
when DB was the incident Ray, and paſſed out of a rarer into a 
denſer Medium, as in Caſe the firſt, it was refracted into a Line 
BF, this Ray LB having the ſame Inclination to the Perpendi- 
cular, will alſo ſuffer the ſame Degree of Refraction, and will 
therefore paſs on afterwards. in the Line FB produced, v. g. to- 
warcs P. So that, whereas in that Caſe the Point F was the 
real Focus of the incident Ray DB, the {ame Point will in this 
be the imaginary Focus of the incident Ray LB: But it was 
there demonſtrated, that the Diſtance FA is to CA, as the Sine 
of the Angle of Incidence is to the Difference between that and 
the Sine of the Angle of Refraction, therefore the focal Dil- 
tance of the refracted Ray BP is to the Diſtance cf the Center 
of Convexity in that Proportion. Q. E. D. 

Caſe 4. Of parallel Rays paſſing out of a denſer into a rarer 
Medium through a convex Surface of the denſer. 

Dem, Let Z be the denſer Medium, baving the convex Sur- 
lace AB, and let LB and FA be the incident Rays, as before. 
| 14 Now 
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IK, before Refraction, they will make equal 
Angles of Refraction with them afterwards, 
and ſo proceed on in the parallel Lines BL, 


DM, 


Now whereas when DB was the incident Ray paſſing out of a den- 
ſer into a rarer Medium, it was refracted into BM, as in Caſe the 
ſecond, having a Point as H in the Line MB produced for its 
imaginary Focus; therefore LB, for the like Reaſon as was gi. 
ven in the laſt Caſe, will in this be refracted into BH, having 
the ſame Point HN for its real Focus. So that here alſo the fo- 
cal Diſtance will be to that of the Center of Convexity, as the 
Sine of the Angle of Incidence 1s to the Difference between that 
and the Sine of the Angle of Refraction. 2. E. D. 


III. When diverging or converging Rays enter into a Medium 
of different Denſity through a ſpherical Surface, the Ratio com- 
pounded of that which the focal Diſtance bears to the Diſtance 
of the Radiant Point (or of the imagnary Focus of the inci- 
dent Rays, if they converge;) and of that, which the Diſtance 
between the ſame radiant Point (or 1maginary Focus) and the 
Center, bears to the Diſtance between the Center and the Focus, 
is equal to the Ratio, which the Sine of the Angle of Incidence 
bears to the Sine of the Angle of Refraction. 

This Propoſition admits of ſixteen Caſes. 

Caſe 1. Of diverging Rays paſſing out of a rarer into a denſer 
Medium, thro' a convex Surface of the denſer, with ſuch a De- 


gree of Divergency, that they ſhall converge after Refraction. 


Dem. Let BD (Fig. 12.) repreſent a ſpherical Surface, C its 
Center of Convexity, and let there be two diverging Rays AB 
and AD, proceeding from the radiant Point A, the one per— 
pendicular to the Surface, the other oblique. Throvgh the 
Center C produce the perpendicular Ray AD to F, and draw 
the Radius CB and produce it to K, and let BF be the refracted 
Ray; then will F be the focal Point; produce AB to H, and 


through the Point F draw the Line FG parallel to CB. AB } 
being the incident Ray, and CK perpendicular to the Surſace 
at the Point B, the Angle AB K, or which is equal to it, be- | 
cauſe of the parallel Lines CB and FG, FGH is the Angle 
of Incidence. Now . whereas the Complement of any Aigle 
or two right ones has the ſame Sine with the Angle itjelf, | 
the Sine of the Angle F GB, at being the Complement of | 
FGH to two right ones, may be conſidered as the Sint ＋ | 
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DM. 2. Let the diverging Rays AB, AE, 
AF, (Fig. 6.) paſs out of a rarer into a den- 
ſer Medium, through the plain Surface G H, 


and 


the Angle et Incidence; which Sine the Line FB, as the Sides of a 
Triangle ave the ſame Relation to each other, that the Sines of their 
eppoſite Angler have, may be taken for. Again the Angle FBC 
is the Angle of Refraction, or its equal, becauſe alternate to it, 
BEG, to which BG being an oppofite Side, may be looked upon 
as the Sine. But FB is to BG in a Ratio compounded of FB to 
BA, and of BA to BG, for the Ratio that any two Quantities 
hear to each other, is compounded of the Ratio, which the firſt bears 
to any other, and of the Ratio which that other bears to the ſecond. 
Now FB is to BA, /ſuppo/ing BD to waniſh, as FD to DA; and 
BA is to BG, becauſe of the parallel Lines CB and FG, as AC to 
CF. That is, the Ratio compounded of FD, the focal Diſtance, 
to DA, the Diſtance of the radiant Point, and of AC, the Diftance 
between the radiant Point and the Center, to CF, the Diſtance be- 
taveen the Center and the Focus, is equal to that which the Sine of 
the Angle of Incidence bears to the Sine of the Angle of Re- 
fraction. Q. E. D. | 

Obſ. 3. Whereas the focal Diſtance of the oblique Ray AB is 
ſuch that the compound Ratio of FB to BA and of AC to CF 
ſhall be ſame, whatever be the Diſtance between B and D; 
it is evident, that fince AC is always of the ſame Length, the 
more the Line AB lengthens, the more FB muſt lengthen too, or 
elſe FC muſt ſhorten ; but it appears by Inſpection of the Figure, 
that if BF lengthens, CF will do ſo too, and in a greater Pro- 
portion with reſpect to its own Length than BF will, therefore 
the Lengthening of BF will conduce nothing towards preſerving 
the Equality of the Proportion : but as AB lengthens, BF and 
CF muſt both ſhorten, which is the only poſſible Way wherein 
the Proportion may be continued the ſame. And it is alſo appa- 


4 rent, that the farther B moves from D towards O, the frfter 
3 AB lengthens, and therefore the farther the Rays enter frem 
ce D, the nearer to the refracting Surface is the Place where they 
bo meet, but the Space they are collected in, is the more diffuſed : 
le | 4d therefore in this Caſe, as awell as thoſe taken Notice of in 
le | the two foregoing Obſervations, different Rays, though flowing 
. | from the ſame Point, ſhall conſtitute different Focus's; and 
＋5 1 


*ne are /o effectual as theſe avhich enter at or wery near the 
Point 
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and let the Ray AB be perpendicular to that 
Surface; the reſt being refracted towards their 
reſpective Perpendiculars EK, FM, and thok 
the moſt that fall the fartheſt from B, they wil 


Pro- 


Point D. And ſince the ſame is obJervable of converging as well a 
of diverging Rays, none except thoſe which enter very near that Point, 
are uſually taken into Conſideration ; upon which Account it is, that 
the Diſtance DB, in determining the focal Diſtances of diverging o- 
converging Rays entering a convex or concave Surface, is ſuppoſed 
to vaniſh, | | 

Thofe who would fee a Method of determining the preciſe 
Point which the Ray AB, whether it be parallel, converging, 
or diverging to the Ray AF, converges to or diverges from after 
Re fraction at B or any other given Point in the Surface DO, 
may find it in the Appendix to Molineux's Optics, which for 
the Sake of thoſe who have not that Book, I ſhall ſubjoin at 
the End of this Note. 

Caje 2. Of converging Rays paſſing out of a rarer into a den- 
ſer Medi n trough a conceive Surface of the denſer with ſuch a 
Degree of Convergency, that they ſhall diverge after Refrac- 
tion, 


Dem. Let the incident Rays be HB and FD paſſing out of 2 


rarer into a denſer Medium through the concave Surface BD, 


and tending towards the Point A, from whence the diverging 
Rays flowed in the other Caſe ; then the oblique Ray HB hav- 
ing its Angle of Incidence HBC equal to ABK the Angle of 
Incidence in the former Caſe, will be refracted into the Line 


BL. ſuch, that its refracted Angle KBL will be equal to FBC 


the Angle of Refraction in the former Caſe; that is, it will pro- 
ceed after Refraction in the Line FB produced, having the ſame 
focal Diſtance FD with the diverging Rays AB, AD, in the other 
Caſe, But, by what has been already demonſtrated, qthe Ra- 
tio compounded of FD, the focal Diftarce, to DA, in this Caſe, 
rhe Diftance of the imaginary Focus of the incident Rays, and oi 
AC, the Diſtance between the ſame imaginary Focus and the Cer— 
rer, to CF, the Diſtance between the Center and the Focus, 15 
equal to that which the Sine of the Angle of Incidence bear: 
to the Sine of the Angle of Refraction. 2. E. D. 


Caſe 3. Of direrging Rays paſſing out of a rarer into a den. | 
ſer Medium through a convex Surface of the denſer, with ſuc? | 


Dem. 


a Degree of Divergency as to continue diverging. 
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proceed in the Directions EN and FO, diverg- 
ing in a leſs Degree from the Ray AP, than 
they did before. Refraction. 3. Had they pro- 

3x ceeded 


Cc > 


Dem. Let AB, AD (Fig. 13.) be the diverging Rays, and let 
their Divergency be ſo great, that the refracted Ray BL ſhall alſo 
diverge from the other ; produce LB back to F which will be the 
focal Point; draw the Radius, B and produce it to K, produce 
BA likewiſe towards G, and draw FG parallel to BC. Then will 
ABK be the Angle of Incidence, whoſe Sine BF may be taken for, 
25 being oppoſite to the Angle BGF, which is the Complement 
of the other to two right ones. Aud LBC 1s the Angle of Re- 
fraction, or its equal K BF, or which is equal to this, BFG, as be- 
ing alternate; therefore BG the oppoſite Side to this may be ta- 
ken for the Sine of the Angle of Refraction. But BF is to BG, 
for the like Reaſon as was given in Caſe the firſt, in a Ratio 
compounded of BF to BA, and of BA to BG. Now BF is to 
BA, (DB vaniſhing) as DF to DA, and becauſe of the parallel 
Lines FG and BC, the Triangles CBA and AGF are ſimilar, 
therefore BA 1s to AG as CA to AF, conſequently BA is to 
BA together with AG, that is, to BG, as CA is to CA together 
with AF, that is, CF. Therefore the Ratio compounded of DF 
the focal Diſtance to DA the Diſtance of the radiant Point, 
and of CA the Diſtance betwecn the radiant Point and the 
Center, to CF the Diſtance between the Center and the Focus, 
1s equal to that which the Sine of the Angle of Incidence bears 
to the Sine of the Angle of Refraction. 2. E. D. 

Caſe 4. Of converging Rays paſſing out of a rarer into a 
0 denſer Medium through a concave Surface of the denſer in ſuch 

Manner that they ſhall continue converging. 

Dem. Let HB and CD be the incident Rays paſling out of the 

is rarer into the denſer Medium through the concave Surface BD, 

and tending towards A the ſame Point from whence the diverg- 
ng Rays flowed in the laſt Caſe. Then becauſe the Ray HB 
las the ſame Inclination to the Perpendicular CK that AB had 
before, it will ſuffer the ſame Degree of Refraction, and paſs 
on in the Line LB produced, having its Focus F at the ſame 
Ditance from the refracting Surface as that of the diverging 
ky AB in the other Caſe. Therefore, c. 2. E. D. 

Cue 5. Of diverging Rays paſſing out of a denſer into a 
wer Med; um through a concave Surtace of the denſer. 


Dem. 
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ceeded out of a denſer into a rarer Megjun, 
they would have been refracted from their Per. 
pendiculars EK, FM, and thoſe the moſt which 
were the moſt oblique, and therefore would 


have 


Dem. Let AB, AD (Fig. 14.) be the incident Rays paſlng 
out of a deaſer into a rarer Medium through the concave Sur. 
/ace BD, whoſe Center is C; and let BL be the refracted Ray, 
which produce back to F, and draw FG parallel to CB. Here 
ABK is the Angle of Incidence, to which its alternate one FGR 
being equal, FB the oppoſite Side may be conſidered as the 
Sine of it. The Angle of Refraction is LBC or FBK, of which 
BFG being the Complement to right ones, BG the oppoſite 
Side may be looked upon as its Sine. But BF is to BG, in the 
compound Ratio of BF to BA and of EA to BG for the Reaſon 
given above. Now (BD vaniſhing) BF is to BA as DF to DA, 
and BA is to BG as CA to CF. That is, the Ratio com- 
pounce of the focal Diſtance to the Diltance of the radiant 

oiht, Se. L. Z. D. 

Caſe 6. Of converging Rays paſſing out of a denſer into a 
rarer Medium through a convex Surface of the denſer. 

Dem. Let HB, CD, be the incident Rays tending towards 
the Point A which was the Radiant in the laſt Caſe. Then, 
for the Reaſon already given, the oblique Ray will ſuffer ſuch 
a Degree of Refraction, as to have its Focus F at the ſame Dil- 
tance from the Surface, as the diverging Rays AB, AD had in 
that Caſe. Therefore, &c. ©. E. D. 

When the Mediums thro' which Rays paſs, and the refradt 
ing Surfaces are ſuch, that Rays flowing from A (Fig. 12.) are 
collected in F, then Rays flowing from F through the ſame Me- 
diums the contrary Way, will be collected in A. For when Rays 
paſs out of one Medium into another, the Sine of the Angle of 
Incidence bears the ſame Proportion to the Sine of the Angleof 
Refraction, as the Sine of the Angle of Refraction does to the 
Sine of the Angle of Incidence, when they paſs the contrary 
Way. This is applicable to each of the fix following Caſes 
compared reſpectively with the fix foregoing ; therefore they 
may be conſidered as the Converſe of them; or they may be 
demonſtrated independently of them, as follows. : 

Caſe 7. Of diverging Rays paſſing out of a denſer into à 
rarer Medium through a convex Surface of the denſer, fo as t0 
converge afterwards, Den 


a a ws A 
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have diverged more than before. 4. Let the 
converging Rays AB, CD, EF (Fig. 7.) paſs 
out of a rarer into a denſer Medium, through 


the 


Dem. Let AB, AD (Fig. 15.) be two diverging Rays paſſing 
through the convex Surface BD into a rarer Medium. Let C be 
the Center of Convexity, and BF the refracted Ray. Draw CB 


d and produce it to K, and draw FG parallel to it meeting AB 
£ produced in G. Then will ABC be the Angle of Incidence, 
, of which FB being oppoſite to its alternate and equal Angle 
e FGB, may be conſidered as the Sine. The Angle of Refrac- 
dan is FBK, of which GB being oppoſite to its Complement or 
a two right ones GFB, may be taken for the Sine. Now FB is 


to BG, in a Ratio compounded of FB to BA, and of BA to 
BG. But (BD vaniſhing) FB 1s to BA as FD to DA, and be- 
cauſe of the parallel Lines CB and FG, BA is to BG as CA to 

CF. Therefore the focal Diſtance, &c. 2. E. D. | 

Caſe 8. Of converging Rays paſſing out of a denſer into a 
rarer Medium through a concave Surface of the denſer ſo as to 
Gverge afterwards, | 

Dem. Let GB and FD be the incident Rays tending towards 
A, and produce FB to L. Then as AB in the laſt Caſe was 
4, refrated into BF, GB will in this be refracted into BL, for 
f the Reaſons already given, having F for its focal Point. 
00 Therefore, Sc. ©. E. D. | 
ic Caſe g. Of diverging Rays paſſing out of a denſer into a 
| rarer Medium through a convex Surface of the denſer, in ſuch 
Manner as to continue diverging. 

Dem. Let AB, AD (Fig. 16.) be two Rays paſſing out of a 
denſer into a rarer Medium, through the convex Surface DB, 
#oſe Center of Convexity is C. Draw CB, produce it to K, and 
let BL be the refracted Ray, produce BL back to F, and draw 


1 FG parallel to CB meeting CA produced in G. Then will ABC 
- of WI ** tbe Angle of Incidence, of which FB being oppoſite to its 
5 alternate and equal Angle FG B, may be conſidered as the Sine. 


The refrated Angle is LB K, vr its equal CBF, of which BG 
being oppoſite to its Complement to two right ones BFG, is the 
ane. Now BF is to BG in the compound Ratio of BF to BA 
ad of BA to BG: but BF is to BA as DF to DA ; and becauſe 
of the parallel Lines CB and FG, the T riangles BCA, AGF 
ie ſimilar, therefore BA is to AG as CA to AF, and conſe- 
{Knt!y BA is to BG as CA to CF. Therefore, Cc. 9.E. » 
Caſe 
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the plain Surface G H, and let the Ray AB be 
perpendicular to that Surface, then the dther 
Rays being refracted towards their reſpec. 


tive 


wad td * kun wo A 


Caſe 10. Of converging Rays paſſing out of a denſer into 
rarer Medium through a concave Surface of the denſer, in ſuch 
Manner as to continue converging. 

Dem. Let HB, MD be the incident Rays tending towards the 
Point A. Then will the oblique Ray HB for the Reaſons al. 
ready given be refracted into BF. Therefore, c. Q. E. D. 

Caſe 11. Of diverging Rays paſling out of a rarer into a den. 
ſer Medium through a concave Surface of the denſer. 

Dem. Let AB, AD (Fig. 17.) be the incident Rays Paſſing out 
of a rarer into a denſer Medium, thro? the concave Surface BD, 
whoſe Center of Convexity is C, and ſuppoſing the Line C 
drawn and produced to K, the refracted Ray BL drawn and pro- 
duced back to F, and alſo FG drawn parallel to CB, ABC wil 
be the Angle of Incidence, of which FB being oppoſite to its 
Complement to two right ones BGF, is the Sine. The Angle 
of Refraction will be LBK or its equal FBC, of which BG be- 
ing oppoſite to its equal and alternate one BFG, is the Sine. 
Now FB is to BG in the compound Ratio of FB to BA and of 
BA to BG. But (BD vaniſhing) FB is to BA as FD to DA, and 
becauſe of the parallel Lines FG and CB, BA is to BG as CA 
to CF. Therefore, c. ©, E. D. | 

Caſe 12. Of converging Rays paſſing out of a rarer into: 
denſer Medium through a convex Surface of the denſer. 

Dem. Let HB, MD be the incident Rays tending towards A 
the radiant Point in the laſt Caſe; then, as was explained above, 
BF will be the refracted Ray. Therefore, &c. 2. E. D. 

Caſe 13. Of Rays paſſing out of a rarer into a denſer Med 
from a Point between the Center of Convexity and the Surface. 

Dem. Let AB, AD (Fig. 18.) be two Rays paſſing out of! 
rarer into a denſer Medium from the Point A, which let be po- 
ſited between C the Center of Convexity and the refracting du. 
face BD; through B draw CK, and let BL be the refraQted 
Ray ; produce BL back to F and draw FG parallel to BC. 
Then will ABC be the Angle of Incidence, of which BF being 
oppoſite to its Complement to two right ones BGF, is the Sine, 
LBK will be the Angle of Refraction, or its equal FBC, of 


which BG being oppoſite to its alternate and equal one mY 
6 
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tive Perpendiculars DK, FM, and EF for 
Inſtance more than CD, they will proceed 
in the Directions DN, FN converging in a 
leſs Degree towards the Ray AN, than they 

did 


is the Sine. But, as before, BF is to BG in a compound Ratio 
of BF to BA and of BA to BG; and (BD vaniſhing) BF is to 
BA as DF to DA, and becauſe the Lines CB and FG are paral- 
el, BA is to BG as CA to CF. Therefore, &:. 2. E. D. 

Caſe 14. Of Rays paſſing out of a rarer into a denſer Medium 
towards a Point between the Center of Convexity and the Sur- 
face. 

Dezr. Let the incident Rays be MD, HB, tending towards 
A from whence the other proceeded in the laſt Caſe. Then as 
in that Caſe the refracted Ray BL being produced back paſſed 
through F, in this the refracted Ray itſelf, for the like Reafons 
as were given in the foregoing Cates, will paſs through that 
Point. Therefore, Cc. Q. E. D. 

Caſe 15. Of Rays paſſing out of a denſer into a rarer Medium 
from a Point between the Center of Convexity and the Surface. 

Dem. Let AB, AD (Fig. 19.) be two diverging Rays paſſing 
out of a denſer into a rarer Medium through the refracting Sur- 
face BD, whoſe Center of Convexity is C, a Point beyond that 
from whence the Rays flow. Through B draw CK, and let BL, 
be the refracted Ray, produce it back to F, and draw FG pa- 
to 2 rallel to BC meeting BA produced in G. ABC will be the An- 

gle of Incidence, of which BF being oppoſite to its alternate 
Is A and equal Angle BGF, is the Sine. The Angle of Refraction 
ove, is LBK or its equal FBC, of which BG being oppoſite to its 
Complement to two right ones BFG, is the Sine. But BF is 


to BG in the compound Ratio of BF to BA and of BA to BG; 
face. and (BD vaniſhing) BF is to BA as DF to DA, and becauſe of 
ofa the parallel Lines CB and GF, the Triangles AFG and ABC 
12 are ſimilar. BA therefore is to AG as CA to AF, conſequently 
Sur- BA is to BA and AG together, that is, to BG, as CA is to CA 
ated WY and AF together, that is, to CF; and therefore the focal Dit- 


tance, Oe. 2. E. D. 0 
Caſe 16. Of Rays paſſing out of a denſer into a rarer Medium 


towards a Point between the Center of Convexity and the Sur- 
* 


Dent. 
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did before. 5. Laſtly, Had the firſt Mfediun 
been the denſer, they would have been refraq- 
ed the other Way, and therefore have con- 
verged more. 


VI. When 


Dem, Let HB, MD be the incident Rays, having for thei; 
imaginary Focus the Point A which was the Radiant in the lat 
_ Caſe, and let C the Center of Convexity of the refracting Surface 
be poſited beyond this Point. 'Then will HB, for the Reaſons 
already given, be refracted into BF, having the Point F for its 
real Focus which was the imaginary one of the diverging Rays 
AB, AD in the former Caſe. Therefore as before the Ra: 
compounded of that which the focal Diſtance bears to the Diſ- 
tance of the imaginary Focus of the incident Rays, and of that 
which the Diſtance between the ſame imaginary Focus and the 
Center, bears to the Diſtance between the Center and the Fo- 
cus, is equal to the Ratio which the Sine of the Angle of In- 
cidence bears to the Sine of the Angle of Refraction. Q. E. D. 

The firſt Term in the foregoing Proportion (v. that in Pro- 
poſition the 3d of this Note) being always an unknown Quan- 
tity, thoſe who are not well verſed in the Uſe of ſuch Propo- 
fitions, may think it impoſſible to inveſtigate the focal Diſtance 
of any refracting Surface by it: I ſhall therefore exemplify it 
in the following Inſtance, by which the Manner of doing itin 
all others will clearly be underſtood. V. g. Let it be required 
te determine the focal Diftance of diverging Rays paſligg out 
of Air into Glaſs through a convex Surface, and let the Dif- 
tance of the radiant Point be 20, and the Radius of Convex- 
ity be 5 : Now becauſe we muſt make Uſe of the focal Dil- 
tance before we know it, let that be expreſſed by ſome Sym- 
bol or Character as x Then, becauſe by the aforeſaid Propo- 
ſition the Ratio compounded of that which the focal Diſtance 
bears to the Diſtance of the radiant Point (that is in this Suppo- 
ſition, of x to 20); and of the Ratio which the Diſtance of the 
ſame radiant Point from the Center bears to the Diſtance between 
the Center and the Focus (in this Caſe, of 25 to x—5) is equal 
to the Ratio which the Sine of the Angle of Incidence bears t0 
the Sine of the Angle of Refraction (that is, of 17 to 11), we 
ſhall have in the Inſtance before us, the following Proportion, vis. 
4 2 0 | 
| :: 17 : 11, and compounding them into one, 


2 2 2 Xt | 
| ws 3 which 
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VI. When Rays proceed out of a rarer into 
a denſer Medium, through a convex Surface 
of the denſer, if they are paralle] before Re- 
fraction, they become converging afterwards. 


For 


which is done by multiplying the two firſt Parts together, we 
have 25x : 20x —100 :: 17: 11, and multiplying the extream 
Terms and middle Terms together, 340x — 17c0=275x,which 
Equation after due Reduction gives x = £722, 


In ſome Caſes which might have been put, the Quantity 65 


would have been negative, and then the Quotient ariſing from 


1700 divided by that, would have been ſo too; that is the 
focal Diſtance would have been Negative, in which Caſe the 
Focus muſt have been taken on the contrary Side the Surface to 
that on which it was ſuppoſed to fall in ſtating the Problem; 
that is, it muſt have been taken on the ſame Side with the ra- 
diant Point, for in calling the Diſtance between the Center and 
the Focuſ x—5 it was ſuppoſed the Focus would fall on the ſame 
Side with the Center, or on that which is oppoſite to the radiant 
Point, becauſe otherwiſe that Diſtance mult have been ex- 
preſſed by x ＋ 5, as any one may ſee by Inſfeftion of the 13th 
or 14th Figure, in which the Focus of diverging Rays entering 
a convex Surface, is ſuppoſed to fall on the ſame Side with 
the radiant Point. | | 

In like Manner as this Problem was performed a general The- 
orem may be raiſed to ſolve it in all Caſes whatſoever, by uſing 
Characters inſtead of Figures; as every one who is not unac- 
quainted with algebraic Operations very well knows. 

See this done, and applied to the Paſſage of Rays thro? the 
Surface of Lenſes in the ſecond Note to the following Chapter. 


A Method of determining the Point which a Ray, entering a 
ſpherical Surface at any given Diſtance from the Vertex of it, 
converges to or diverges from after Refraction at the ſame, 
From the Appendix to Molineux's Dioptrics. 

Prop. To find the Focus of any Parcel of Rays diverging 
from, or converging to a given Point in the Axis of a ſpherical 
* Lens [Surface] and inclined thereto under the ſame Angle; 
the Ratio of the Sines in Refraction being known. 

Let GL (Fig. 20.) be the Lens, P any Point in its Surface, 
* V the Pole [Vertex] thereof, C the Center of the Sphere 


* whereof it is 2 Segment, O the Object or Point in the Axis to 
. U * ap 
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For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, are 
all drawn from the Center of Convexity on 


the 


cc 
cc 
«c 


«c 
cc 
«c 
«c 
cs 


or from which the Rays do proceed, OP a given Ray; and 


let the Ratio of Refraction be as to; make CR to CO as 
s to r for the Immerſion of a Ray, or as r to s for the Emer- 
ſion, (that is, as the Sines of the Angles in the Medium which 
the Ray enters, to their correſponding Sines in the Medium 
out of which it comes) and laying CR from C towards O, 
the Point R ſhall be the ſame for all the Rays of the Point O. 
Then draw the Radius PC (if Need be) continued, and with 
the Center R and Diſtance OP ſweep a Touch of an Arch in- 
terſecting PC in Q; the Line QR being drawn ſhall be pa- 
rallel to the refracted Ray, and PF being made parallel 
thereto, ſhall interſe& the Axis in the Point F, which is 
the Focus ſought. Or make it as CQ: CP ::; CR: CF, and 
CF ſhall be the Diſtance of the Focus from the Center of 
the Sphere. 

Dem. Let fall the Perpendiculars PX on the Axis, CY on the 
given Ray, and CZ on the refracted Ray. By the Conſtruction 
PF and QR are parallel, whence the Triangles QRC and PFC 
are ſimilar, and CR to Q, as CF to PF, that is CR to OP as 
CF to PF. Now CF : PF :: CZ : PX c familia Triang. 
whence CR: OP:: CL : PX, and CR: CZ:: OP: PX, Again, 
CR is to CO as the Sines of Refraction by Conſtruction, that 


is, as q to r, or tos; and as CR to CZ, ſo (CO) 20 
4 
—CR to — or —CZ, and ſo is PO to PX: But as PO to PX, 


ſo CO to CY. Ege CV or CA, that is CY to CZ is 


as the Sines of Refraction; but CY is the Sine of the Angleof 


Incidence, and CZ of the refracted Angle. Ergo conflat Pro- 
poſito. | 

«« Hitherto we have confidered only ob/;que Rays; it now re- 
mains to add ſomething concerning Rays parallel to the Axis: 
In this Caſe the Point O muſt be conſidered as infinitely diſ- 
tant, and conſequently OP, OC, and CR are all infinite: 


and OP and OC are in this Caſe to be accounted as always. 


equal, (ſince they differ but by a Part of the Radius of the 
| « Sphero 


Ir 
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the other Side; and therefore, as the Rays 
are refracted towards thoſe Perpendiculars, 
they are neceilarily refracted towards each 


other, and thereby made to converge. 
VII. If they enter diverging, then for the 
lame Reaſon, they are made to diverge leſs, 


« Sphere GPVL, which is no Part of either of them) where- 
4 fore the Ratio of CR to OP will be always the fame, w:z. 
„as 5 to r for immerging Rays, and as to , for thoſe that 
« emerge. And by this Propoſition CF is to PF in the ſame 
« Ratio, It remains therefore to ſhew on the Baſe CP how to 
„nnd all the Triangles CPF, wherein CF is to PF in the Ratio 
given by the Degree of Refraction. This Problem has been 
very fully conſidered by the celebrated Dr. Wallis in his late 
« Treatiſe of Algebra, p. 258, to which I refer; but I muſt 
© here repeat the Conſtruction thereof. See Fig. 21 and 22. 

Let GPVL be a Lens, VC or PC the Radius of its Sphere, 
« and let it be required to find all the Points 7, /, ſuch, as Cy 
« may be to PF ia the given Ratio of Stor for immerging Rays, 
«* oras r tO s for the emerging. Divide CV inK, and continue 
«CV toF, that CK may be to VK, and CF to VF in the 
« propoſed Ratio. Then divide KF equally in the Point æ, 
and with that Center ſweep the Circle FKF ; this Circle be- 
ing drawn gives readily all the Foci of the parallel Rays OP, 
* OP. For having continued CP till it interſe& the Circle in 
F, PF ſhall be always equal to VF the Diſtance of the Focus 
of each reſpective Parcel of Rays OP from the Vertex or 
« Pole of the Lens. 

„ To demonſtrate this, draw the pricked Line VF, and by 
* what is delivered by Dr. Wallis in the above-cited Place, VF 
and CF will be always in the ſame propoied e ,t. Again, 
being made equal to PF, CF and CFweill be likewiſe 
equal, as are CP, VC; and the Angle: 'C, VCF being ad 
'* verticem are alſo equal: Wherefore I/ will be equal to VP, 
and conſequently CF to PF in the fame Ratio as CF to VF; 
* whence, and by what foregoes, the Points /, /, are the ſe- 
. reſpective Foci of the ſeveral Parcels of Rays OP, OP.” 

. D.2—— 


If any one would ſee how this is to be applied in all other 
Inſtances, he may conſult the Place. 


2 | to 


— 
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to be parallel, or to converge, according to the 
Degree of Divergency they have before they 


enter. 


For if they diverge very much, their being 


bent towards theit reſpective Perpendiculars in 
paſſing through the Surface, may only diminiſh 
their Divergency; whereas, if they diverge in 
a ſmall Degree it may make them parallel, or 
even to converge. What Degree of Divergency 
or Convergency before Refraction in this and 
the ſollowing Caſes, is neceſſary to make Rays 
become parallel, will be ſhewn at Section the 
17th of this Chapter. 

VIII. If they converge in ſuch Manner as 
to tend directly towards the Center of Con- 
vexity before they enter the Surface, they fall 
in with their reſpective Perpendiculars, and ſo 
paſs on to the Center without ſuffering any 
Re fraction. 

IX. If they converge leſs than their Perpen- 
diculars, that is, if they tend to a Point be- 
yond the Center of Convexity, they are made 
by Refraction to converge more; and if they 
converge more than their Perpendiculars, that 
is, if they tend towards a Point between the 
Center and the Surface, then by being reftact- 
ed towards tliem, they are made to converge 
leſs. | 

This and the three foregoing Propoſitions 
may be illuſtrated in the following Manner. 
1. Let AB, CD (Fig. 8.) be two parallel 
Rays entering a denſer Medium through the 


convex 


— my AQ — a. „ cc... 55 1 1 
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convex Surface DB, whoſe Center of Convexi- 
ty is E; and let one of theſe, vig. AB be per- 

endicular to the Surface. This will paſs on 
through the Center without ſuffering any Re- 
fraction, but the other being oblique to the 
Surface, will be refracted towards the Perpen- 
dicular ED, and will therefore be made to pro- 
ceed in ſome Line, as DG, converging towards 
the other Ray, and meeting it in G, which 
Point for that Reaſon is called the Focus. 2. 
Had the Ray CD diverged from the other, ſup- 
poſe in the Line AD, it would, by being re- 
tracted towards its Perpendicular ED, have 
been made either to diverge leſs, be parallel, 
or to converge. 2. Let the Line ED be pro- 
duced to F, and if the Ray had converged, fo 
as to have deſcribed the Line FD, it would 
then have been coincident with its Perpendicu- 
lar, and have ſuffered no Refraction at all. 4. 
If it had proceeded from any Point between C 
and F, as from H, or which is the ſame Thing, 
towards any Point beyond E in the Line BE 
produced, it would have been made to con- 
verge more, by being refracted towards the Per- 
pendicular DE, which converges more than it ; 
and had it proceeded from ſome Point, as I, on 
the other Side F, that is, towards any Point 
between B and E, it would then have converg- 
ed more than its Perpendicular, and fo, being 
refracted towards it, would have been made to 
have converged leſs. 


4 X. When 
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X. When Rays proceed out of a denſer into 
a rarer Medium, through a concave Surface of 
the denſer, the contrary happens in each Caſe, 

For being now refra&ed from their reſpective 
Perpendiculars, as they were before towards 
them, if they are parallel before Refraction, 
they diverge aiterwards; if they diverge, their 
Divergency is increafed ; if they converge in 
the Direct ion of their Perpendiculars, they ſuf- 
fer no Refraction; if they converge leſs than 
their reſpective Perpendiculars, they are made 
to converge ſtill leſs, to be parallel, or to di- 
verge; if they converge mote, their Conver- 
gency is increaſed. All which may clearly be 
tcen by the Figure, without any further Illuſ- 
tration, imagining the Rays AD, CD, &c. 
bent the contrary Way in their Refractions to 
what they were in the former Caſes. 

XI. When Rays proceed out of a rarer into 
a denſer Medium, through a concave Surface 
of the denſer, if they are parallel before Re- 
fraction, they are made to diverge. 

For in this Caſe, the Perpendiculars at the 
Points where the Rays enter the Surface, being 
drawn from a Point on that Side of the Surface 
from which the Rays tend, if we conceive 
them to paſs through the Surface, they will be 
ſo many diverging Liaes on the other Side, and 
therefore the Rays after they have paſſed thro 
the ſame Points, mult neceſſarily be rendered 
diverging in being refracted towards them. 


XII. It 
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XII. If they diverge before Refraction, then 
for the ſame Reaſon, they are made to diverge 
more. | | 
XIII. Unleſs they proceed directly from the 
Center, in which Caſe they fall in with their 
Perpendiculars, and ſuffer no Refraction: or 
from ſome Point between the Center of Con- 
vexity and the Surface, for then they diverge 
more than their reſpective Perpendiculars, and 
therefore being by Refraction brought towards 
them, they become leſs diverging. 

XIV. If they converge, then being refracted 
towards their Perpendiculars, they are either 
made leſs converging, parallel, or diverging, * 
according to the Degree they converged in be 
fore Refraction. 8 

To illuſtrate this, and the three foregoing 
Caſes. 1. Let AB, CD (Fig. .) be two pa- 
rallel Rays entering the concave and denſer Me- 
dum X, the Center of whoſe Convexity is 
E, and the Perpendicular to the refracting Sur- 
face at the Point D, is EF; the Ray AB if we 
ſuppoſe it perpendicular to the Surface at B 
will proceed on directly to G; but the oblique 
one CD being refracted towards the Perpen- 
dicular DF, will recede from the other Ray 
AG in ſome Line as DH. 2. If the Ray CD 
had proceeded from A diverging in the Direc- 
tion AD it would have been bent nearer to the 
Perpendicular, and therefore have diverged 
more. 3. But if it had diverged from the Cen- 

| U 4 ter 
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ter E, it would have fallen in with the Per. 
pendicular EF, and not have been refracted at 
all: and had it proceeded from I, a Point on 
the other Side the Center E, it would by being 
refracted towards the Perpendicular DF have 
roceeded in ſome Line nearer it than it other- 
wiſe would have done, and ſo would diverge 
leſs than before Refraction. 4. If it had con- 
verged in the Line LD, it would have been 
rendered leſs converging, parallel, or diverg- 
ing, according to the Degree of Convergency, 
which it had before it entered into the refract- 
ing Surfzce, | | | | 
XV. If the fame Rays proceed out of a den- 
ſer into a rarer Medium through a convex Sur- |} 
face of the denſer, the contrary happens in 
each Suppoſition : The parallel are made to | 
converge ; thoſe which diverge lefs than their 
reſpective Perpendiculars, that is, thoſe which | 
proceed from a Point beyond the Center, are 
made leſs diverging, parallel, or converging, 
according to the Degree in which they diverge } 
before Refraction; thoſe which diverge more 
than their reſpective Perpendiculars, that is, 
thoſe which proceed from a Point between | 
the Center and the refracting Surface, are made 
to diverge ſtill more, And thoſe which con- 
verge, are made to converge more. All which | 
may eaſily be ſeen by confidering the Situation | 
of the Rays AD, CD, Sc. with Reſpect to | 
the Perpendicular EF; and therefore requires | 
no farther Illuſtration. 
XVI. When | 
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XVI. When diverging Rays are by Refrac- 


tion made to converge, the nearer their radiant 
Point is to the refraQting Surface, the farther 
is their Focus from it on the other Side, and 
vice versd. 8 
For the nearer the radiant Point is to the 
teftacting Surface, the more the Rays which 
fall upon the ſame Points of it, diverge before 
Refraction, upon which Account they converge 
the leſs afterwards. 

XVII. When the radiant Point is at that 
Diſtance from the Surface, at which parallel 
Rays coming through it from the other Side 
would by Refraction be collected, then Rays 
fowing from that Point become parallel on the 
other Side, and are ſaid to have their Focus at 
an infinite Diſtance. For the Power of Re- 
fraction in the Medium is the ſame, whether 
the Ray paſſes one Way or the other. For 
Iaſtance, if the parallel Rays AB, CD (Fig. 8.) 
in paſſing through the refracting Surface BD 
are brought to a Focus in G, then Rays flowing 
irom G as a radiant Point will afterwards pro- 
ceed in the parallel Lines BA and DC. And 
the Point G, where the parallel Rays AB and 
CD meet after Refraction, is called the Focus 
if parallel Rays. 

XVIII. When Rays proceed from a Point 
nearer the refracting Surface than the Focus of 
parallel Rays, they continue to diverge after 
kefraftion, and their Focus is then an imagi- 


nary 
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nary one, and ſituated on the ſame Side the 
Surface with the Radiant. 

For in this Caſe, their Divergency being 
greater than that which they would have, it 
they had proceeded from the Focus of parallel 
Rays, they cannot be brought to a Parallelifn 
with one another, much leſs be made to con- 
verge, and therefore they continue to diverge, 
though in a leſs Degree than before they paſſed 
through the refracting Surface; upon which 
Account, they proceed after Refraction, as if 
they came from ſome Point farther diſtant from 
the refracting Surface than their Radiant. 


r 


Of Lenſes, and the Manner in which 
Rays are affefed in paſſing through 


them. 


A Lens, is a Medium terminated on one Side 
by a ſpherical Surface, on the other by a 
Suftface either plain or ſpherical. And of theſe 
there are five Sorts. The firſt, as A, (Fig. 23.) 
is plain on one Side, and convex on the other; 
the ſecond, B, convex on both Sides; the third, 
plain on one Side and concave on the other, 28 
C; the fourth, D, concave on both Sides; the 
fifth, convex on one Side and concave on the 
other, as E, which is by fome called a Me- 


niſcus. 


The 
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The Axis of a Lens is a Line paſſing per- 
pendicularly through both its Surfaces : Thus, 
the Line FG is an Axis common to all the fave. 


; Lenſes are diſtinguiſhed into two general 
| Wl Kinds, convex and concave; the firſt and ſe- 
ad Lenſes are conſidered, as convex ; the 
„bird and fourth, as concave : the laſt, if its 
. W convexity is greater than its Concavity, is 
d looked upon, as convex ; if on the contrary, 
1 Wl it is conſidered as concave. 


A Lens is always ſuppoſed to conſiſt of a 
Medium denſer than the circumambient one, 
unleſs where the contrary is expreſſed. 

When parallel Rays fall upon the Surface 
of a convex Lens, they are refracted towards 
each other in paſſing through it, and thereby 
F collected to a Focus on the other Side. 
To explain this, let us trace the Progreſs of 
ph a Ray as AB (Fig. 24.) through the convex 
Lins CDEH, whoſe Axis is IK. Let L be 
the Center of the firſt Convexity CDE, and M 
ide that of the other CHE ; and let the Ray AB 
y ai © parallel to the Axis; through B draw the 
Line LN which will be perpendicular to the 
surface CDE at that Point. The Ray AB in 
entering the denſer Subſtance of the Lens will 
de refracted towards the Perpendicular, and 
therefore proceed after it has entered the Sur- 


the ace at B in ſome Direction inclined towards 
the the Axis, as BP. Through M the Center of 
Me- Convexity of this Surface and the Point P draw 


4 | the 
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the Line MR, which paſſing through the Cen. 


ter will be perpendicular to the Surface at P, 
and the Ray now entering a rarer Medium will 
be refracted from the Perpendicular into ſome 
Direction as PF. In like manner, and for the 
ſame Reaſons, the parallel Ray ST on the 
other Side the Axis, and alſo all the interme- 
diate ones as XZ, Sc. will meet it in the fame 
Point, unleſs the Rays AB and ST enter the 
Surface of the Lens at too greav a Diſtance 
from the Axis IF, the Reaſon of which has 
already been fully explained *. 

The Point F where the parallel Rays AB, 
SF, Sc. are ſuppoſed to be collected by pal- 
ſing through the Lens CE, is called the Focus 
of parallel Rays of that Lens. 

If the Rays converge before they enter the 
Lens, they are then collected at a Point nearer 
to the Lens than the Focus of parallel Rays. 
If they diverge before they enter the Lens, they 
are then collected in a Point beyond F; unlels| 
they proceed from a Point on the other Side at 
the ſame Diſtance with the Focus of parallel 
Rays, in which Caſe they are rendered parallel. 

If they proceed from a Point nearer than that, 
they diverge afterwards, but in a leſs Degree} 
than before they enter the Lens. 

If the Lens is plain on one Side and conver] 
on the other, the Rays are refracted the ſame 
Way, but in a leſs Degree. 


See O&/ervation 3, in the foreging Note. 
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If the Rays AB, ST, be ſuppoſed to pro- 
ceed from a radiant Point on one Side of the 
Lens, and be refracted into a Focus, at F, on 
the other ; then Rays proceeding from that 
focal Point, F, as from a Radiant, and ſuppoſed 
to paſs through the Lens the contrary Way, 
will be collected in that Point which was the 
Radiant in the other Caſe : and the nearer the 
radiant Point is to the Lens, the farther is the 
Focus from it on the other Side, and vice vers d. 
If the Rays AB, CD, EF, Sc. (Fig. 25.) 
be parallel to each other, but oblique to GH the 
Axis of the Lens IK, or if the diverging Rays 
CB, CF, proceed as from ſome Point C which 
is not ſituated in the Axis of the Lens, they 
will be collected into ſome Point as L, not 
directly oppoſite to the Radiant C, but nearly 
ſo: for the Ray CD which paſſes through M 
the Middle of the Lens and falls upon the Sur- 
face of it with ſome Obliquity, will itſelf ſuf- 
eber Refraction at D and N; but then it will 
be refracted the contrary Way in one Place to 
what it is in the other, and theſe Refractions 
will be equal in Degree if the Lens has an equal 
Convexity on each Side, as we may eaſily per- 
ceive if we imagine ND to be a Ray paſſing 
out of the Lens both at N and D, for it is evi- 
dent the Line ND has an equal Inclination to 
each Surface at both its Extremities. Upon 
which Account the Difference between the Si- 
wation of the Point L and one directly oppo- 


ſite 


6 
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ſite to C, is fo ſmall, that it is generally ne. 
glected; and the Focus is ſuppoſed to be in that 
Line, which a Ray, that would paſs through 
the middle Point of the Lens, were it to ſuffe; 
no Refraction, would proceed in. 

All which is ſufficiently clear, from what 
has been ſaid concerning the Laws of Reſtac- 
tion explained in the foregoing Chapter. 

When parallel Rays fall upon a concave 
Lens, they are refracted from each other in 
paſſing through it, and thereby made to di. 
verge, proceeding as from an imaginary Focus 
on the firſt Side of the Lens. 

In order to comprehend this, let ABCD 
(Fig. 26.) repreſent a concave Lens, EQ its 
Axis, GH the Radius of the firft Concavity, IK 
that of the ſecond; produce HG to L, and let 
MG be a Ray of Light entering the Lens at the 
Point G. This Ray being refracted towards 
the Perpendicular GL, will paſs on to ſome 
Point as K in the other Surtace more diltant 
from the Axis than G, and being there refract- 
ed from the Perpendicular IK, will be diverted 
farther ſtill from the Axis, and proceed on the 
Direction KN as from ſome Point, O, on the 
firſt Side of the Lens. In like Manner other 
Rays as PQ parallel to the former, will pro- 
ceed after Refraction at both Surfaces as from 
the ſame Point O; which upon that Account 
will be the imaginary Focus of parallel Rays df 
this Lens. | 
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If the Rays diverge before they enter the 
Lens, their imaginary Focus is then nearer the 
Lens than that of the parallel Rays. If they 
converge before they enter the Lens proceed- 
ing towards ſome diſtant Point in the Axis as 
E, they are then rendered leſs converging : if 
they converge to a Point at the ſame Diſtance 
from the Lens with the Focus of parallel Rays, 
they then go out parallel; if to a Point at a 
leſs Diſtance they remain converging, but in a 
lels Degree than before they entered the Lens. 

When the Rays enter the Lens diverging, 
the nearer their radiant Point is to it, the nearer 
alſo is their imaginary Focus after Refraction, 
and vice versd. 

If the Lens is plain on one Side and concave 
on the other, the Rays ſuffer a like Refraction 
in each Caſe, but in a leſs Degree. 

The Truth of what has been ſaid concerning 
the Paſſage of Rays through a concave Lens, 
is eaſily to be deduced from the Laws of Re- 
fraction delivered in the foregoing Chapter, 

But the Method of determining the exact 
focal Diſtances of Lenſes is to be had from the 
Propoſitions laid down and demonſtrated in the 
Note in the foregoing Chapter. Thus, the 
Progreſs of the Rays after their Refraction at 
the firſt Surface where they enter a Lens, is 
had by one of thoſe which determines the fo- 
cal Diſtance of Rays entering a denſer Medium 
af ſuch Form: And their Progreſs after their 

A Re- 
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Refraction at the other Surface where they gy 
out, is had by computing what Progreſs Rays, 
moving in the Direction they are found to have 
after their Entrance at the firſt Sur face, wil 
acquire by being refracted at the other; which 
is to be effected by one which determines the 
focal Diſtance of Rays paſſing out of a denſet 
Medium of like Form with that of the Lens“. 


When 


Or a general Theorem may be made after the following 
Manner, to determine the Progreſs of Rays after Refraction at 
both Sides of the Lens, whatever be the Matter of it, or the 
Form wherein it is made. 

Thus ſuppoſe GH (Fig. 28.) to be a given Lens, and E a Point 
in its Axis from whence the diverging Rays EL, &c. fall upon 
the Lens, AL, the Radius of the firſt Convexity, and CK thatof 
the ſecond ; let LK/ be the Direction of the diverging Ray El. 
after its Refraction at the firſt Surface, and KF its Direction after 
Refraction at both. Then will F be the Focus of the Rays after 
their firſt Re fraction, and F the Point they will meet in after both, 
Let BD be the Thickneſs of the Lens, and let the Proportion which 
the Sine of the Angle of Incidence bears to the Sine of the Angle 
of Refraction be expreſſed by the Ratio of I to R. Call EB, ; 
BD, 2; AB, ; CD, .; B/. x; DF, y. Now, to find / their 
Focus after Refraction at L where they enter the firſt Surface o 
the Lens, comes under the third Propoſition in the fore mentioned 
Note: According to which the Ratio compounded of x, the fical 
Diſtance ſought, to d, the Diſtance of the radiant Point ; and © 
d+r, the Diſtance between He ſame Point and the Center, 0 
* r, the Diſtance betaween the Center and the Focus, is as Ito R; 
compounding theſe twoRatzo: therefore (that is multiplying the 
together) we have dx+rx: dx—dr :: I: R; which Proportion 
being converted into an Equation, and duly reduced, gives #> 

lar | 


Id - RA Rr 


Thus having found theDiſtance B/, and conſequently the Poin 
F, to which the Rays converge from I, we mult proceed to find 


that to which they will converge after having paſſed — 
whert 
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When a Ray paſſes through a Medium ter- 
minated by two plain and parallel Surfaces, it 


18 


where they ſuffer a ſecond Refraction: This comes under the 


ſame Propoſition ; but, if we would uſe the ſame Letters as be- 
fore, to expreſs the Proportion which the Sine of the Angle of 
Incidence bears to that of the Angle of RefraQtion, they muſt 
be put one for the other; becauſe, when Rays paſs out of a 
denſer into a rarer Medium, the © ue of the Angle of Inci- 
dence bears the ſame P:roporiuc:. to the Sine of the Angle 
of Refraction, that the Sine of the Angle of Refraction 
does to the Sine of the Angle of incicence, when they paſs 
out of a rarer into a denſer, This being obſerved, by the 
aforeſaid Propc ſition, we ſhall have the Ratio compounded of z, 


Iar i x 
the focal Diſtance, to De —t, the imaginary Focus of the 
Id. 
incident Rays, and of n T_T — t + 5s, the Diſtance between 


the imaginary Focus and the Center, to y, the Diflance between 
the Center and the Focus, as R to I. Which Equation, if we reduce 


Idr ENS Jar - 
Moody eee 
+ s, into improper Fractions, will ſtand thus: 


I-II +Rat + Rr? 
1 


the mixed Quantities 


and 12 
14. —I TRAA Rz. LR. R. „, 
14 - R4— -R io 


And, compounding theſe Ratios, we have | 
Iary— Iaty + Rdtz Rrty Ids RA - Rey. Idry - laty— Ruy 


Id Rd Rr Id 


IF. - Rey +Idrs — Idts + Rats + Rr7s 


N : R: I. And, throwing out 


the two equal Denominators IZ—Rd—Rr and L- RA Rr, 
and multiplying Extreams together and Means together, we have 
Ildry— IIaꝶy + 1Rdty IRA Hag —IRdg—IRriy = IRA — 
IRdty + RRaty + RRrty + IRdrs— IRA, + RRats + RR; 
IRdr.— IR 


which Equation, being reduced, gives y = 


= 


III TIR 
+RRats + RRV 
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is refracted one Way in going out of the {e- 
cond, as much as it was the other in entering 
the firſt ; and therefore proceeds afterwards not 
in the ſame Direction, but in one that is parallel 
to that which it had before. Thus if the Ray 
AB (Fig. 27.) enters the denſer Medium CDEF 
terminated by the parallel Surfaces CD and EF, 
it is refracted at B towards the Perpendicular 
BI, procceding to a Point as G, where it as 


much refracted from the Perpendicular GK 


in going out, and proceeds in the Direction 
GH, not the ſame, but parallel to the former 
ABL. 


'This Theorem may be applicd to all Caſes whatever, even to 
plain Surfaces mutatis mutandis ; v. g. the Radius of a concave 
Surface being negative (as ly ing the contrary Way) with Reſpe&t 
to that of a convex, and the Radius of a plain Surface being an 
infinite Line; if we would apply this Theorem to a concave Sur- 
face, we muſt change all the Sines of thoſe Members wherein 
the Symbol expreſſing the Radius of that Surface occurs; and, 
if to a plain Surface, all the Members which involve the Ra- 


dius mult be conſidered as infinite 8 ; that is, all, ex- 


cept them, mult be ſtruck out of the Equation as nothing. So, 


likewiſe, if we would have it extend to other Rays beſides . | 


diverging ones, the Point where converging Rays would meet 
lying on the contrary Side to that from whence the diverging 
ones were {uppoſed to flow, its Diſtance muſt be made nega- 


tive; and, the Diſtance where parallel Rays meet being infinite, 
it is only changing the Sines of all thoſe Members in which“ 
is found, if the Rays are ſuppoſed converging, or making thoſe | 

poke parallel; 
which is done by ſtriking out all the reſt, as bearing nc Pro- 


Members infinite, in Caſe the Rays are 


portion to them. n 


See the Methed of reducing this Equation to fewer Terms, g 
where it is alſo illuſtrated with divers Inſtances, in Dr. Brown's | 
Appendix to Gregory's Optics, or in Dr. Halley's Method of 


finding the principal Focus of Optic Glaſles univerſally, Phi- 
loſeph. Tranſact. Ne 206. | 
CHAP. 
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CHAP V, 
Of the Eye. 


HE Form of the Eye is ſuch as is repre- 
ſented in Figure 29, and would be a 
perfect Sphere, were not the fore Part AA 
ſomewhat more protuberant than the reſt. 
The Deſcription of it, ſo far as is neceſſary 
to explain the Nature of Viſion, is as follows: 

It is incloſed in three diſtinct Coats or Tegu- 
ments; the outermoſt of which, viz. aa, is 
called Tunica Sclerotica; the next, cc, Cho- 
roides, or Uvea; the third and innermoſt, dd, 
derives its Name from that of its Diſcoverer; 
and is called Tunica Ruyſchiana. 

Theſe Coats are contiguous to each other 
every where, except on the fore Part of the 
Eye. | 
That Portion of the Sclerotica which lies 
between A and A is more protuberant than 
the reſt, is tranſparent, and has the Name of 
Tunica Cornea. 

That Portion of the CHoroides which is ſituat- 
ed between 5 and & is called the Iris, and is 
that which by its Colour denominates an Eye 
black, grey, Sc. In the Middle of this there 
is a round Hole as pp, called the Pupil. 

The Iris conſiſts of two Kinds of muſcular 
Fibres ; the firſt lie extended from its Extre- 

| X 2 mity 
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mity like the Radii of a Circle, and point to- 
wards the Middle of the Pupil as towards + 
Center : the other are circular ones and ſur. 
round the Pupil, having the Middle of it for 
their common Center. Theſe are connected 
to the former where they croſs them : and 
therefore when theſe contract, the Pupil is di- 
miniſhed ; when the other, it is inlarged. 
Within the Cavity of the Eye, and not far 
behind the Pupil, there is a ſoft tranſparent 
Subſtance CC, not unlike a double convex 
Lens, one of * Surfaces.as 8, is more con- 
vex than the other. This is called the Cry- 
ſtalline Humour, and is ſuſpended within the 
Eye by certain Ligaments, as Ci, Cu, called 
Ligamenta Ciliaria, or Proceſſus Ciliares: 
theſe are eonvex towards the Pupil, as expreſſed 
in the Figure, and concave on the other Side, 
and are muſcular, and therefore capable of 
Contraction and Dilatation. The convex Sides 
of theſe Ligaments are lined with a very black 
Subllance - as is alſo that Side of the Iris which 
1s next them. N 
The Tunica Ruyſchiana leaves the Choroides | 
at / and, paſſing behind the Ligamenta Ciliaria |} 
and the Chryſtalline Humour, is contiguous to 
them, and joins the Chorozdes again at /, on the 
other Side the Pupil. | 
By means of the forementioned Parts, the | 
Cavity of the Eye is divided into two Portions; | 
the one of which V V is filled with a Fluid 
nearly of the ſame Denfity with Water, and | 
N is | 
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is therefore called Humor Aqueus; the other 
TT contains a Fluid whoſe Conſiſtency is 
greater than that of the former, and is called 
Humor Vitreus : And both theſe Humors are 
rarer than the Subſtance of the Chryſtalline. 

At the back Part of each Eye, but not di- 
rectly oppolite to the Pupil, there enters a 
Nerve as NN, which is called the Optic 
Nerve. 

The Fibres of this Nerve, afcer their En- 
trance into the Eye at N, ſpread themſelves 
over the innermoſt Coat of it as far as the Liga- 
menta Ciliaria, and form a very thin Mem- 
brane, called Tunica Retina. 

The innermoſt Coat of the Eye 1s every 
where covered (except that Part of it which 
is contiguous to the back Part of the Chryſtal- 
line Humour) with a very black Subſtance, 
not unlike that with which the back Part of 
the Iris and fore Part of the Ligamenta Ciliaria 
were obſerved to be covered. This 1s to hinder 
any Light from being reflected from thoſe Parts 
to the Retina; for that would render the Ima- 
ges of Objects indiſtinct; as we ſhall ſee when 
we have explained the Nature of Viſion, which 
is the Subject of the next Chapter. 


4 CHAP. 
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ES YH 
Of the Mature of Viſion. 


Uch is the Subſtance and Form of the Hu- 
mours of the Eye, when lodged in their 
proper Receptacles, that Rays of Light in paſ- 
ſing through them are affected in the like Man- 
ner as in paſſing through a convex Lens, as we 
ſhall ſee immediately : and therefore, to under. 
ſtand the Nature of Viſion, which depends on 
the Paſſage of Rays flowing from the ſeveral 
Points of a diſtant Object through thoſe Hu- 
mours, little more is required than to know 
how the ſame Rays would be affected, were 
they ſuppoſed to paſs through a convex Lens : 
Which may ezfily be done by applying to this 
Cate what has been delivered in the fourth 
Chapter concerning the Manner in which 
Rays flowing from a /ingle Point are affected 
in paſſing through Lenſes of that Kind. 

We have already ſcen, in the abovemention- 
ed Chapter, that Rays flowing from a jingle 
radiant Point and afterwards falling on a con- 
vex Lens, are collected to a Focus in ſome 
Point oppoſite, or nearly ſo, to the radiant. 
Let us now ſuppoſe an Object placed before 
a Lens, but farther from it than the focal Diſ- 
tance of its parallel Rays; and let it ſend forth 
| | Ih Rays 
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Rays from each Point of its Surface in every 
Direction, as from ſo many radiant Points. 
Some of the Rays which flow from each Point 
of that Surface of the Object which is turned 
towards the Lens will neceſſarily fall upon it, 
and, paſſing through it, will be collected in fo 
many diſtin& focal Points on the oppoſite Side, 
as there are diſtin radiant Points in the Surface 
of the Object from whence they came. Now, 
as the radiant Points are contiguous to each 
other in the Surface of the Object on one Side 
of the Lens, the focal Points will alſo be con- 
tiguous on the other; and as each focal Point 
is oppoſite to its reſpective radiant, their Places 
will have the ſame Relation to each other, that 
thoſe of the radiant have; and, conſequently 
theſe Points, taken together, will be a true Re- 
preſentation and perfect Image of that Object; 
for each Point will exhibit the ſame Colour 
that its correſpondent Point in the Object is of: 
But, becauſe each Point in the Repreſentation is 
oppoſite to its reſpective one in the Object, 
the Image will be inverted. The Truth of 
this may eaſily be experienced, if we hold a 
clean white Paper facing the Lens in the Place 
where the focal Points are, and take Care to 
prevent all other Light from falling upon the 
Paper, except that which paſſes through the 
Lens ®, 


To 


On this depends the Structure of the Ob/crra Camera, 
which is a Contrivance to exhibir the Repreſentation of ſuch 
X 4 Objects 
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To illuſtrate this, let PQR (Fig. 30.) re- 


preſent an Object placed before the Lens AB, 


and ſending forth Rays from each Point in its 
Surface; and let g be the focal Diſtance of 
Rays proceeding from Q and paſſing through 
the ſaid Lens. Then will all the Rays that 
proceed from the Point Q, between the Lines 
QA end QB, be collected in 3 in like Man- 
ner all that flow from P, between the Lines 
PA and PB, will meet in the oppoſite Point 
p; and fo many as proceed from R, and paſs 
through the Lens, will be collected in 7; and 
all the Rays that flow from the remaining 
Points between P and R and fall upon the 
Lens, will be collected in as many Points be- 
tween p and 7; and, if the Rays are received 
tbere upon a white Surface, there will be 
exhibited an Image of the Object PR, but 
inverted ; becaule the Rays PLp and RLr 


Objects as may be ſeen from a Window upon ſome plain white 
Surface held before the Window within the Room. In order 
to do this, a common Spectacle Glaſs or Burning Glaſs (both 
which are convex Len/es) muſt be fixed in an Hole in the Win- 


dow-ſhutter; for then, if no Light be ſuffered to enter into the 


Room, but what paſſes thro' the Hole, and a Sheet of white 
Paper be held oppoſite to the Hole at that Diſtance where 
the Rays proceeding from the Objects abroad, and paſling thro' 
the Glaſs, are collected into their reſpective Foci, we ſhall have 
the Images of all the Objects which lie before the Hole repre- 
ſented upon the Paper inverted ; but in a much more lively 
ard exact Manner than can be done by the Pencil; and not 
only the Objects and their reſpective Situations, but, what 14 
peculiar to this Sort of Painting, their Motions will alſo be ex- 


preſſed. Sh 


croſs 
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croſs each other at L in paſſing through the 


Lens *. 

Thoſe Rays which flow from the ſame 
Point of an Object, when conſidered together, 
are called a Cone or Pencil of Rays. Thus the 
Rays QA, QL,, Sc. conſtitute a Pencil flow- 
ing from the Point Q; ſo the Rays PA, PL, 
Fe. a Pencil from the Point P; and the mid- 
dle Ray of each Pencil, as FL, QI, Cc. is 
called the Axis of that Pencil, to which it be- 
longs. 

. in like Manner as the ſeveral Pencils 
of Rays flowing from the diſtinct Points in the 
Surface of an Object placed before a Lens, are 
collected in ſo many Points at a certain Dif- 
tance on the other Side of the Lens, and form 
an Image there when received upon a white 

Paper; ſo Pencils proceeding from an Object 
| placed before the Eye at a proper Diſtance 
from it, and being refracted in paſſing through 
the Humours of it, are collected into their 
reſpective Foci upon the Retina, where they 
form a Repreſentation of that Object; and by 
| their Impulſes upon the tender Nerves of the 


Ketina, an Idea of the Object is excited in the 
Mind. 


* A burning Glaſs is no other than a Piece of Glaſs ground 
into the Form of a convex Lens; for if the Rays of the Sun are 
permitied to paſs through ſuch an one, they will burn very 
krengly in the Place where they are collected into their reſpec- 


e,; upon which Account it is, that the Point where Rays 


in general are collected, is called their Focus, that is, their Place 


Burning. 
| | Tae 
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The Progreſs of the Rays through the Hy. 
mours of the Eye, are expreſſed in the ziſt 
Figure: where FG is the Eye, FG the Ty. 
nica Cornea, p p the Pupil, AA the aqueous 
Humour, HH the chryſtalline, and VV the vi- 
treous. And RS repreſents an Object placed 
before it, emitting Pencils of Rays from its ſe. 
veral Points R, S, T, &c. The Rays which | 
conſtitute the Pencil GTF, in entering the aque- | 
ous Humour, paſs out of a rarer into a denſer fl 
Medium through a convex Surface, in which 
Caſe diverging Rays are made to diverge leſs, to 
become parallel or to converge (Chap. 3. Prop. 
7.); in entering the chryſtalline they do the like; 
and in paſſing out of that, they proceed out of 
a denſer into a rarer Medium, through a con- 
vex Surface of the denſer, which alſo has the 
fame Effect (Chap. 3. Prop. 15.) By which 
Means they are made to converge, as deſcribed 
in the Figure, and to meet together in a Focus 
at r, a Point in the Retina. In like Manner 
the Rays flowing from R, and conſtituting the 
Pencil GRF, will proceed as deſcribed in the 
Figure, and after Refraction meet in 7; and I 
the Rays proceeding from S will be collected J 
in s, &c. by which Means an Image of the Ob- 
ject will be formed in te upon the Retina, but 
becauſe the Pencils croſs each other in paſſing 


» 


through the Pupil, it will be inverted *. ah I 
| 9 


A 
3 


* Of this we have experimental Proof: For if we cut away tie 


back Part of an Eye, and apply a Paper there, we * 7 4 
mages 
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The leſs the Diſtance between the Object and 
the Eye is, the more the Rays which come 
om the Object, are {aid to diverge, and è con- 
tra: Not that the Situation of the Eye makes 
any Alteration in the Progreſs of thoſe Rays, 
hut that, when the Eye is placed nearer the 
Object, it receives into its Pupil Rays which 
diverge in a greater Degree than thoſe which 
it can receive when placed farther off. The 


» WF following Illuſtration will make this clear: Let 
: Wl 4B (Eg. 32.) repreſent an Object emitting 
Rays from each Point of its Surface, and let 
„ca, Cr, Sc. expreſs thoſe which flow from 
che Point C: let n be a Pupil of an Eye placed 
fit the Diſtance CM from it; tis plain this Pu- 
pil will receive into it the diverging Rays Cx, 
e C; whereas the Rays Co, Cz, will diverge 
h il the moſt of any that can enter the ſame Pupil, 
d il when placed at the Diſtance Cx; but theſe 
1s WY diverge leſs than the former, the Angle C- 


being included in the Angle rCs. 


12 

ne ll [mages of external Objects placed thereon, as accurately as in 

id 4 the Oyſcura Camera, provided no Light is permitted to fall upon 

* 4 * nk except that which paſſes through the Humours of 
de Eye. 

h- 9 Optic Writers have made it Matter of great Difficulty to de- 


termine the Point where the 4x:is of the Pencils which enter the 


ut He. croſs each other; ſome placing it in the Center of the Eye, 
02 ers in the Vertex of the chryſtalline Humour, others in that 

of the Tauica Cornea But as the Rays of each Pencil fill the 
_ Pupil, or as the Pupil itſelf is a common Baſe to each Pencil, it 
he Wl + inconceivable how the Axis of thoſe Pencils ſhould croſs each 


other in any other Place than the Center of the Pupil. Sec 
rigure 31, or any other where ſeveral Pencils are repreſented, 
% paſſing through the Pupil cf an Eye. 


Vifion 
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Viſion is diſtinguiſhed into Srigbt and ob- 
ſcure; diſtin and confuſed. 

It is ſaid to be '6r7g bf, when a ſufficient Num- 
ber of Rays enter the Pupil at the ſame Time; 


obſcure, when too few. It is diſtinct, when | 
each Pencil of Rays is collected into a Focus ex. | 
actly upon the Retina; confuſed, when they | 
meet before they come at it, or when they 
would pals it before they meet ; for in either | 


of theſe laſt Caſes, the Rays flowing from dif- 
ferent Points of the Object, will fall upon the 
ſame Part of the Retina, which muſt neceſſa— 
rily render the Image confuſed and indiſtinct. 

Now that Objects may appear with a due 
Brightneſs, whether more or tewer Rays pro- 
ceed from them, we have a Power of contract- 
ing, or dilating the Pupil by means of the muſ- 
cular Fibres of the [ris (as explained in the 


foregoing Chapter,) in order to take in more | 
or fewer Rays as Occation requires. But this 


Power has its Limits “. 


And that the Rays may be collected into 
Points exactly upon the Retina, that is, that 
Objects may appear din, whether they be 


nearer or farther off, that is, whether the Rays 


proceeding from them diverge more or leſs, we 
have a Power of contracting cr relaxing the 4 
Ligamenta Ciliaria, and thereby altering the 


In ſome Animals, this Power is much greater than in others 4 
particularly in ſuch as are obliged to make Uſe of their Eyes | 


by Night, as well as by Day, as in Cats, &c. 
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Form of the chryſtalline Humour, and with 
that the focal Diſtance of the Rays. Thus, 
hen the Object we view 1s far off, and the 
Rays fall upon the Pupil with a very ſmall De- 
gree of Divergency, we contract the Ligamen- 
ta Ciliaria, which being concave towards the 
vitreous Humour, do thereby compreſs 1t more 
than otherwiſe they would do; by this Means 
it is made to preſs harder upon the back Side 
of the chryſtalline Humour, which is thereby 
rendered flatter ; and fo the Rays proceed far- 
ther before they meet in a Focus than other- 
wiſe they would have done. Add to this, that 
we dilate the Pupils of our Eyes (unleſs in 
Caſes where the Light is ſo ſtrong that it offends 
the Eye) and thereby admit Rays into them, 
that are more diverging than thoſe which would 
otherwiſe enter. And when the Rays come 
from an Object that is very near, and therefore 
diverge too much to be collected into their re- 
ſpective Foci upon the Retina, by relaxing the 
Ligamenta Ciliaria we give the Chryſtalline a 
more convex Form, by which Means the Rays 
are made to ſuffer a proportionably greater De- 
gree of Refraction in paſſing through it &. 


Some Philoſophers are of Opinion, that we do this by a 
Power of altering the Form of the Eye; and others, by remov- 
ing the Chryſtalline forwards or backwards as Occaſion re- 
quires; but neither of theſe Opinions is probable ; for the 
Coats of the Eye are too hard, eſpecially in ſome Animals, for 
the firſt; and as to moving the Chryſtalline out of its Place, the 
Cavities of the Eye ſeem to be too well filled with the other Hu- 
mours to admit of ſuch Removal. 

And 
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And beſides this, by contracting the Pupils of 


our Eyes, we exclude the more diverging 
Rays, and admit only ſuch as are more eaſily 
refracted into their reſpective Foc? *. But 
Viſion is not diſtinct at all Diſtances, for our 
Power of contracting and relaxing the Liga. 
menta Ciliaria is allo circumſcribed within cer- 
tain Limits. 

The nearer an Object is placed to the Eye, 
the greater is the Image of it upon the Retina, 


Becauſe the Pencils flowing from the extreme | 
Parts of the Object when near, make a larger | 
Angle with each other in the Pupil where they | 


croſs, than the ſame Pencils do when the Ob- 
ject is placed farther off. Thus AB (Fig. 3z. 
the Image of the Object CD, far exceeds EF 
that of the ſame Object GH, placed at a greater 
Diſtance from the Eye, as is evident from In- 
ſpection of the Figure. 

In thoſe Eyes where the Tunica Cornea is 
very protuberant and convex, the Rays of 


Light ſuffer a very a conſiderable Refraction at 
their Entrance into the aqueous Humour, and | 


are therefore collected to a Focus before they 
fall upon the Retna, unleſs the Object be pla- 
ced very near, ſo that the Rays which enter 


the Eye, may have a conſiderable Degree of 


Divergency. People that have ſuch Eyes, are 


* Accordingly it is obſervable, that if we make a ſmall Hole 1 
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with the Point of a Needle thro' a Piece of Paper, and apply 1 
that Hole cloſe to the Eye, making Uſe of it, as it were, inſtead I 


of a Pupil, we ſhall be able to ſee an Object diſtinctly through 
it, tho' the Object be placed within half an Inch of the 1510 
EE al 
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ſaid to be purblind. Now the nearer an Ob- 
ject is placed to the Eye, the greater is the 
Image of it therein, as explained above; theſe 
People therefore can ſee much ſmaller Objects 
than others, as ſeeing much nearer ones with 
the ſame Diſtinctneſs. And their Sight con- 
tinues good longer than that of other People, 
becauſe the Tunica Cornea of their Eyes, as 
they grew old, becomes plainer, for Want of 
that Redundancy of Humours with which they 
were filled before. 

On the contrary, old Men having the Cor- 
1a of their Eyes too flat for want of a ſuffici- 
ent Quantity of the aqueous Humour to fill 
them out, if the Rays diverge too much before 
they enter the Eye, they cannot be brought 
toa Focus before they reach the Retina; on 
which Account thoſe People cannot ſee diſ- 
tinctly, unleſs the Object be fituated at a 
greater Diſtance from the Eye, than is required 
ior thoſe whoſe Eyes are of a due Form. 

Since the Images of the Objects we look at 
are inverted in the Eye, it may be thought the 
Objects themſelves ought to appear ſo; but it 
muſt be conſidered, that there is no natural 
Connection between the Idea in our Mind, and 
the Image upon the Retina; we find by Ex- 
perience, that when ſuch an Idea is excited in 
our Mind, ſuch an Object ſtands before us in 
luch a Poſition and of ſuch a Form; whenever 
therefore the like Idea is excited again, we 

con- 
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conclude there is a like Cauſe of it. For it i; 
found by Obſervation, that People who haye 
been born blind, and have aterwards received 
their Sight, have had no Information from 
their Eyes at firſt, concerning the particular Si- 
tuation or Form of Bodies; but have been ob- 
liged to ſtay till Experience has taught them 
what Figures and Situation of Bodies correſpond | 
to ſuch and ſuch Senfations in the Mind ®. | 

In like Manner it is from Experience that | 
an Object appears ſingle, though there be an 
Image of it in each Eye: for after we find, | 
that its Place, according to the Repreſentation | 
of it in each Eye, is the fame, we neceſlarily | 
conceive it to be but one. The Manner how 
we come to find this, ſeems to be as follows: 
There is one Part of the Retina upon which 
when the Image falls, the Object appears $ 
brighter and more diſtinct, than when it falls 
upon any other, as is evident, becauſe we al- 1 
ways ſee one Part of an Object with greater 
Diſtinctneſs than any of the reſt. This Point | 3 

hall hereafter call he Point of diſtinct Vi. 
fron. This naturally, leads us to turn our Eyes 1 
ſo, that the Object may be fituated ditectiy 
oppoſite to this Point. And this Action of 
ours is that which has given Riſe to thoſe ima- 
ginary Lines, which are ſuppoſed to paſs di- [ 


See Mr. Chefe/den's Obſervations on a young Gentleman 
couched by him at the Age of 13 Years. Philoſoph. Tranfack. 
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rectly through the Eye and to terminate in the 
Object we view, and are commonly called the 
optic Axes. We therefore turn our Eyes ſo that 
the Object may appear in thoſe Lines. There- 
fore, ſince theſe Lines concur at the Object, 
when we endeavour to view it with Diſtinct- 
neſs, each Eye affords us an Idea of the Object 
in the ſame Place, from whence it neceſſarily 


appears but one “. | 
When 


There are other Methods of accounting for theſe two laſt 
Phæ nomena, ſome of which, perhaps, the Reader may think 
more plauſible ; for the Connection between the Image on the 
Retina and the Idea in the Mind being purely metaphy/ical, we 
can never hope to arrive at Certainty in this Matter. 

Some are of Opinion, that we judge thoſe Rays which paint 
the uppermoſt Part of the Image in the Eye to proceed from the 
lowermoſt Part of the Object, becauſe they ſtrike upon the Re- 
tina, as coming from that Part; and that we conclude from hence 
that the Object 15 ere, though the Image be inverted; as if the 
Direction, wherewith the Rays ſtrike the Retina, informed the 
Mind which Way they came. This Solution ſerves alſo to expli- 
cate the Phenemenon of ſeeing but one Object with both Eyes ; 
for as the Mind is informed, by the Direction with which the 
Rays ſtrike the Retina, of the Place from whence they come; 
therefore when it appears that they enter each Eye as from the 
ſame Place, the Object neceſſarily ſeems to be but one; becauſe 
we can't ſuppoſe two to exiſt in the ſame Place at the ſame Time. 

Some have been ſo abſurd as to embrace an Opinion, the firſt 
Author of which was Gaſſendus, that we ſee one and the {ame 
Point of an Object only with one Eye at a Time, (otiarte alio, 
as they expreſs it) while the other does nothing. Vid. Gaſendi 
Epiſtol. de Magnitud. Solis; or Tacguet. Optic. Lib. I. Prop. 2. 

Some imagining that the Oy. ic Nerves conſiſt of a Bundle of 
ſmall ones wrapped up in one common Tegument, are of Opi— 
nion, that ſuch as lie upon the Retina at equal Diſtances from 
the Point of diſtin Viſion, and on the ſame Side of it in each 
Eye, are connected together in one, before they terminate in the 
Brain; and ſo, whether one or both axe affected, only one Idea 

VO Ce be: | i Y 18 
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Whenever the Eyes are ſo ſituated with re- 
ſpect to an Object, that the ſame Part of the 
Retina in each Eye is affected by the Rays 
that flow from it, which is wont to be af- 
fected when two Objects are placed before 
the Eyes, the Mind, receiving no Information 
from without, but by the Impulſes of the 
Rays upon the Retina, judges that there are 
two Objects. Thus, let A, B (Fig. 34.) repre- 
ſent two Eyes whoſe optic Axes are directed to 
the Point C, and let E be an Object on one 
Side the Point C, and Fan Object on the other. 
Now, Objects thus fituated muſt appear ſepa- 
rate : otherwiſe, every Time we viewed an Ob- 


je& we mult imagine all the different Points. 


in its Surface to be but one, which is con- 
trary to Experience. In this Caſe, the Point 
d in each Eye will be affected by the Rays 
which flow from thoſe Objects; but fo it 
will, if a ſingle Object be placed at D; and 
therefore, for the Reaſon given above, an Ob- 
ject in that Situation ſhall appear as the two 
ſeparate ones E and F, that is, double. A- 


15 excited in the Mind. Gra vęſand confirms this Opinion, by aſ- 
ſerting that, in all Animals which look at the ſame Object with 
both Eyes, the optic Nerves concur, before they enter the Brain; 
and that, in ſuch as look at one Object with one Eye, and at 
a different one with the other, they are ſeparate all the Way. 

Others, with Briggius (fee his Ophthalmog. Chap. 11.) do not 
contend, that the formentioned correſponding Parts of the lic 
Nerves are connected beſore they terminate in the Brain; but 
that they are of an equal Tenſion, and therefore excite the ſame 
Senſation in the Mind. 


gain, 
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gain, let there be an Object placed without the 
optic Axes, as at G, Rays flowing from this will 
affect the ſame Part in each Eye, as if there 
were two diſtinct Objects, v:z. one at E, and 
the other at H; this therefore will alſo ap- 
pear double. Farther, as the Objects D and 
G are ſituated in this Figure, if both are at- 
tended to at the fame Time (the optic Axes 
being ſtill directed to the ſame Point C) they 
will appear as three, being ſituated oppoſite 
to the three Points F, E, and H. And what 
has been ſaid of the Appearance of the Objects 
D and G, as they are ſituated in this Figure, 
may be applied to their Appearance as they 
are placed in the next, where they are repre- 
ſented as being beyond the Line HF. So that 
wherever an Object is placed, provided it be 
nearer to the Eyes than the Point where the 
optic Axes concur, or farther from them, it ap- 
pears double. 

There 1s one Part of the Retina of each Eye, 
upon which when the Image falls, the Object 
cannot be ſeen at all with that Eye ; the Proof 
of this we have from the following Experiment. 
Fix two Objects upon a Wall, of ſuch Bigneſs 
that each may hide a ſquare Inch of it, or 
thereabouts, and at the Diſtance of about a 
Foot or two from each other, and go back from 
theWall about three Times that Diſtance; then 
ſhutting the left Eye, look at the left Object 
with the right one, and while the right Eye 1s 
in that Poſition, the right Object will not be 

S I ſcen. 
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ſeen. So, if in that Station we look at the right 
Object with only the left Eye, the left Object 
will diſappear. The Reaſon of this is ſuppoſed 
to be, that the Image of that Object which 
diſappears falls upon the Blood-veſlels of the 
optic Nerve, from which no Senſation is con— 
veyed to the Brain. 

The Angle comprehended between the Rays 
which flow from the extreme Parts of the Ob- 
ject, and croſs in the Pupil, is called the optic 
Angle. | 

'Tis by means of this Angle that we are able 
to form ſome Judgment of the Magnitude of 
an Object ; becauſe, the larger this 1s, the larger 
is the Image upon the Retina, that is, a greater 
Portion of it is affected by the Rays which flow 
from that Object. But this is not ſufficient 
alone, becauſe different Objects at different 
Diſtances from the Eye, may ſubtend equal 
Angles at the Pupil. We ought therefore to 
know alſo the Diſtance of the Object. | 

This, if the. Object be very near, we are 
able to form a tolerable Judgement of, by the 
Degree of Divergency, wherein the Rays 
which flow from the ſame Point of the Object 
enter the Eye; becaſue we find it neceflary to 
adapt the Eye accordingly, in order to bring 
them to a Focus upon the Retina. 

But, when the Object is at a greater Diſtance 


from us, a conſiderable Variation in the Di- 


tance of it makes but a very ſmall one in the 
Diver- 
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Divergency of thoſe Rays, and therefore this 
Rule of judging ceaſes to be of Uſe. The only 
Expedient then is the Angle comprehended 
between the op7ic Axes ag the Object to which 
they are directed, or, which is the ſame Thing, 
the Polition of the Eyes with reſpect to each 
other when they view the Object *. But in ver 
large Diſtances this Pofition varies ſo little, that 
it is alſo of no Uſe; in which Cale, we make 
the beſt Judgment we can from the Brightneſs, 
Diſtinctneſs, and apparent Magnitude of the 
Object, and likewite from its Situtation with 
reſpe& to others which are interpoſed +, 
When we are unable to judge rightly con- 
cerning the Diſtance of an Object, we conceive 
it greater, the farther we imagine it to be from 
us, and dice versa ; becaule it requires a lar- 
ger Object to exhibit the ſame Image upon 
the Retina, when it is fituated at a great Diſ- 
tance, than when near. Thus we imagine the 
Sun and Moon to be farther off, when they 
are in the Horizon, than when they are near 
the Meridian, and accordingly think them 


That the Poſition of the hte Axes is a Means whereby we 
judge of Diſtances, is evident from hence, dig. that they who 
have loſt the Sight of one Eye, find it much more difficult to 
eſtimate the Diſtances of Objects, than they did, when they had 
the Uſe of both. 

+ We have a remarkable Inſtance of the Error of our Judg- 
ment concerning the Diſtances of very remote Bodies, in that 
we look upon the Sun, Moon, and Stars to be all at the ſame 
Diſtance, whereas ſome of them are a thouſand Times farther 


470m us than others. | 


Y 3 Pro- 
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proportionably larger in one Situation than in 
the other, though they are found to exhibit the 
ſame Image upon the Retina in both Caſes s. 
We are never able to ſee very diſtant Objects 
with Diſtinctneſs; this is not ſolely owing to 
the Pupil's not receiving into it a ſufficient 
Number of Rays for that Purpoſe, or becauſe 
they are not collected into Foci upon the Retina, 
but becauſe the Object being very far off, the 
Rays which flow from Points of the Object 
that are contiguous fall too near each other up- 
on the Retina to excite diſtinct Senſations in 


the Mind, ſo that the Idea of the Whole is 
confuſed. 


GI AF... YM 


Of. the Appearance of Objects ſeen 
through Media of differentt Forms, 


HAT what we ſhall ſay upon the Subject 
of the Chapter may more readily be un- 
derſtood, we ſhall premiſe the five following 
Particulars, which are all compriſed in the fore- 
going Chapter, or follow immediately from 
What has been there laid down, vi. 
1. That, as each Point of an Object, when 
viewed by the naked Eye, appears in its pro- 


* See the Diſſertation on the Horizontal Moon, annexed to 
this Part. 
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per Place, and as that Place is always to be 
found in the Line in which the Axis of a Pen- 
cil of Rays flowing from it enters the Eye, we 
from hence acquire an Habit of judging the 
Point to be ſituated in that Line; and, becauſe 
the Mind is unacquainted with what Refrac- 
tions the Rays ſuffer before they enter the Eye, 
therefore, in Cafes where they are diverted 
from their natural Courſe by paſſing througle 
any Medium, it judges the Point to be in that 
Line produced back in which the Ax7s of a 
Pencil of Rays flowing from it is fituated the 
Inſtant they enter the Eye, and not in that it 
was in before Refraction. We ſhall therefore 
in what: follows, ſuppoſe the apparent Place 
of an Object, when ſeen through a refractipg 
Medium to be ſomewhere in that Line produ- 
ced back in which the Axis of a Pencil of Rays 
flowing from it proceeds after they have paſſed 

through the Medium. | 
2. That we are able to judge, though im- 
perfectly, of the Diſtance of an Object by the 
Degree of Divergency, wherein the Rays flow- 
ing from the ſame Point of the Object enter the 
Pupil of the Eye, in Caſes where that Diver- 
gency is conſiderable; but becauſe in what fol- 
lows, it will be neceſſary to ſuppoſe an Object, 
when ſeen thro gh a Medium whereby its ap- 
parent Diſtance is altered, to appear in ſome 
determinate Situation; in thoſe Caſes where 
the Divergency of the Rays at their Entrance 
LF 4 into 
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into the Eye is conſiderable, we will ſuppoſe 
the Object to appear where thoſe Lines which 
they deſcribe in entering, if produced back, 
would croſs each other, tho' it muſt not be aſ- 
ſerted that this is the preciſe Diſtance; becauſe 
the Brightneſs, Diſtinctneſs, and apparant Mag- 
nitude of the Object, on which its apparent 
Diſtance in ſome meaſure depends, will alſo 
ſuffer an Alteration by the Refraction of the 
* s in paſſing through that Medium. 


That we eſtimate the Magnitude of an 


OBA by that of the hie Angle. 

4. That, Viſion is the brigher, the greater 
hs Number of Rays 1s which enter the Pupil, 
And, 

5. That, in ſome Caſes, the apparent ods bt- 
neſs, Diſtin&neſs, and Magnitude of an Object 
are the only Means whereby our Judgment is 
determined in eſtimating the Diſtance of it. 

Prop. I. An Object placed within a Medium 
terminated by a plain Surface on that Side 
which is next the Eye, if the Medium be den- 
ſer than that in which the Eye is (as we ſhall 
always ſuppole it to be, unleſs where the con- 
trary 1s expreſſed) appears nearer to the Surface 
of the Medium than it is. 

Thus, if A be a Point of an Object placed 
within the Medium BCDE (Fig. 36.) and Ab, 
Ac be two Rays proceeding from thence, theſe 
Rays paſſing out of a denſer into a rarer Me- 


dium, will be refraced from their reſpective 


Per- 
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Perpendiculars 6, ce, and will enter the Eye 
at H, ſuppoſe in the Directions , cg, let then 
theſe Lines be produced back till they meet in 
F; this will be the apparent Place of the Point 
A; and becauſe the refracted Rays bf, cg will 
diverge more than the incident ones Ab, Ac 
(Che p. III. Prop. 3.) it will be nearer to the 
Points 6 and c. than the Point A; and as the 
ſane is true of each Point in the Object, the 
Whole will appear to an Eye at H, nearer to 
tuc Surface BC than it is *. 

5 Prop. II. 


* From hence it is, that when one End of a ftrait Stick is 
put under Water, and the Stick is held in an oblique Poſition, 
it appears bent at the Surface of the Water; vg. becauſe each 
Point that is under Water appears nearer the Surface, and con- 
ſequently higher than it is. 

From hence likewiſe it is, that an Object at the Bottom of a 
Veſſel may be ſeen when the Veſſel is filled with Water, though 
it be ſo placed with Reſpe& to the Eye, that it cannot be ſeen 
when the Veſſel is empty. To explain this; let ABCD (Fig. 37.) 
repreſent a Veſſel, and let E be an Object lying at the Bottom of 
it. This Object, when the Veſſel is empty, will not be ſeen by an 
Eye at F, becauſe HB the upper Part of the Veſſel will obſtruct 
the Ray EH; but when it is filled with Water to the Height 
GH, the Ray EK being refracted at the Surface of the Water into 
the Line KF, the Eye at F ſhall ſee the Object by means of that. 

In like Manner, an Object ſituated in the Horizon appears 
above its true Place, upon Account of the Refraction of the 
Rays which proceed from it in their Paſſage through the Atmo- 
ſphere of the Earth. For firſt, if the Object be ſituated beyond 
the Limits of the Atmoſphere, its Rays in entering it will be re- 
fracted towards the Perpendicular, that is, towards a Line 
drawn from the Point where they enter, to the Center of the 
Earth which is the Center of the Atmoſphere, and as they paſs 
on they will be continually refracted the ſame Way, becauſe 
they are all along entering a denſer Part, the Center of whoſe 
Convexity is till the ſame Point; upon which Account the Line 
they deſcribe will be a Curve bending downwards ; and m_ 

ore 
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Prop. II. An Object ſeen through a Medium 
terminated by plain and parallel Surfaces, ap- 
pears nearer, brighter, and /arger, than with 
the naked Eye. 

For Inſtance, let AB (Fig. 38.) be the Ob- 
jet, CDEF the Medium, and GH the Pupil 


of an Eye, which is here drawn large to pre. | 


vent Confuſion in the Figure. And 1ſt let RK, 
RL be two Rays proceeding from the Point R, 


and entering the denſer Medium at K and L; 
theſe Rays will here by Refraction be made to 
diverge leſs (Chap. HI. Prop. 2.) and to pro- 


fore none of the Rays that come from that Object can enter an | 


Eye upon the Surface of the Earth, except what enter the A- 
#:0/phere higher than they need to do, if they could come in 2 


right Line from the Object; conſequently the Object muſt ap- 


pear above its proper Place. Secondly, If the Object be placed 
within the Aimeſplere, the Caſe is ſtill the ſame ; for the Ray; 
which flow from it muſt continually enter a denſer Medium whelz 


Center is below the Eye, and therefore being refracted toward: 


the Center, that is, downwards as before, thoſe which enter the 
Eye muſt neceſſarily proceed as from ſome Pornt above the Ob- 
je&, wherefore the Object will appear above its proper Place. 


From hence it is, that the Sun, Moon, and Stars appear: 


above the Horigen, when they are juſt below it, and higher than 
they ought to do, when they are above it: Likewiſe diſtan 
Hills, Trees, Sc. ſeem to be higher than they are. 

Further, the lower theſe Objects are in the Her- xon, the greater 
is the Obliquity with which the Rays which flow from them, 
enter the Aima here, or paſs from the rarer into the denſer Part: 
of it, and therefore they appear to be the more elevated by Re- 
traction; upon which Account the lower Parts of them are 45 
arextly more elevated than the other. This makes their uppe! 
and under Parts ſeem nearer together than they ought to do, 3 
is evident in the Sun and Moon, which appear of an oval Form 
hen they are in the Horizon, their horixoutal Diameters appeal 


ing of the fame Length they would do if the Rays ſuffered no 


Ke fraction, while their vertical ones are ſhortened thereby. 
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ceed afterwards, ſuppoſe in the Lines Ka, Lb; 
at a and þ where they paſs out of the denſet 
Medium, they will be as much refracted the 
contrary Way, proceeding in the Lines ac, bd, 
parallel to their firſt Directions (ſee Chap. 
IV.) produce theſe Lines back till they 
meet in e, this will be the apparent Place of 
the Point R, and it 1s evident from the Figure 
that it muſt be nearer the Eye than that Point ; 

and becauſe the ſame is true of all other Pen- 
cils flowing from the Object AB, the Whole 
will be ſeen in the Situation fg, nearer to the 
Eye than the Line AB. 2d, As the Rays RK, 
RL would not have entered the Eye, but have 
paſſed by it in the Directions Kr, Lt, had they 
not been refracted in paſſing through the Me- 
dium, the Object appears brighter. zd, The 
Rays Ah, Bi, will be refracted at h and i in- 
to the leis converging Lines , il, and at the 
other Surface into & M, IM parallel to Ah 
and B ü produced (ſee Chap. 4.) ſo that the 
Extremities of the Object will appear in the 
Lines Mk, M/ produced, vzz. inf and g, and 
under as large an Angle Mg, as the Angle A 
B under which an Eye at q would have ſeen 
it, had there been no Medium interpoſed to 
refract the Rays; and therefore it appears larger 
to the Eye at G H, being ſeen through the 
interpoled Medium, than otherwiſe it would 
have done. But it 1s here to be obſerved, that 
the nearer the Point e appears to the Eye on 


Ac- 


78 Of the Appearance Part III 


Account of the Refraction of the Rays RK, 
RL, the ſhorter is the Image /g, becauſe it is 
terminated by the Lines MF and Mg, upon 
which Account the Object is made to appear 
leſs ; and therefore the apparent Magnitude of 
an Object is not much augmented by being 
ſeen through a Medium of this Form. 

Farther, it is apparent from the Figure, that 
the Effe ct of a Medium of this Form depends 
wholly upon its Thickneſs: for the Diſtance 
between the Lines Rr and ec, and conſequently 
the Diſtance between the Points e and R de- 
pends upon the Length of the Line Ka: Again, 
the Diſtance between the Lines AM and / M, 
depends on the Length of the Line Y but both 
Ka and H depend on the Diſtance between the 
Surfaces CE and DF, and therefore the Effect 

of this Medium depends upon its Thickneſs. 
Prop. III. An Object ſeen through a convex 
Lens, appears larger, brighter, and more di- 
tant, than with the naked Eye. 

To illuſtrate this, let AB (Fig. 39.) be the 
Object, CD the Lens, and EF the Eye. 1. 
From A and B the Extremities of the Object 
draw the right Lines AYr, BXr croſſing each 
other in the Pupil of the Eye; the Angle ArB 
comprehended between theſe Lines, is the 
Angle under which the Object would be ſeen 
with the naked Eye. But by the Interpoſi- 
tion of a Lens of this Form, whoſe Property 
it is to render converging Rays more ſo {let 
Chap. IV.) the Rays AY and BX will be made 

| to 
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to croſs each other before they reach the Pupil. 
There the Eye at E, will not perceive the 
Extremities of the Object by means of theſe 

Rays (for they will paſs it without entering) 
but by ſome others which muſt fall without the 
Points Y and X, or between them; but if they 
fall between them, they will be made to con- 
cur ſooner than they themſelves would have 
done, and therefore if the Extremities of the 


Object could not be ſeen by them, it will much 


leſs be ſeen by theſe. It remains therefore, 
that the Rays which will enter the Eye from 
the Points A and B after Refraction, muſt fall 
upon the Lens without the Points Y and X 
let then the Rays AO and BP be ſuch. Theſe 
after Refraction entering the Eye at r, the Ex- 
tremities of the Object will be ſeen in the Lines 
Q, T produced, and under the optic Angle 
QrT which is larger than ArB, and therefore 
the apparent Magnitude of the Object will be 
mcreaſed. 2. Let GHI be a Pencil of Rays 
flowing from the Point G; as it is the Property 
of this Lens to render diverging Rays leſs di- 
verging, parallel or converging (ſee Chap. 

IV.) it is evident, that ſome of thoſe Rays, 
which would proceed on to M and N and miſs 
the Eye, were they to ſuffer no Refraction in 
paſſing through the Lens, will now enter it; 
by which means the Object will appear bright- 
er. 3. As to the apparent Diſtance of the Ob- 
ject, that will vary according to the Situation 


of 


ject placed ſo much nearer the Lens than its 


upon Account of the Brightneſs and Magnitude 
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of it with reſpect to the Focus of parallel Rays 
of the Lens. 1. Then, let us ſuppoſe the Ob- 


Focus of parallel Rays, that the refracted Rays 
KE and LF though rendered leſs diverging | 
by paſſing, through it, may yet have a conſider- 
able Degree of Divergency, ſo that we may | 
be able to form a Judgment of the Diſtance of 
the Object thereby. In this Caſe, the Object 
ought to appear where EK, FL produced back 
concur, which, becauſe they diverge leſs than 
the Rays GH, GI, will be beyond G, that is, 
at a greater Diſtance from the Lens than the 
Object is. But becauſe both the Brightneſs and 

Magnitude of the Object will at the ſame Time 

be augmented, Prejudice will not permit us to | 

judge it quite ſo far off as the Point where thoſe F 
Lines meet, but ſomewhere between that 
Point and its proper Place. 2. Let the Object 
be placed in the Focus of parallel Rays, then 
will the Rays KE and LF become parallel 

(ſee Chap. IV.) and though in this Caſe 
the Object would appear at an immenſe Diſ- 
tance, if that Diſtance were to be judged of by 

the Direction of the Rays KE and LF, yet 


of it, we ſhall not think it much farther from 
us, than if it were ſeen by the naked Eye. 3. 
If the Object be ſituated beyond the Focus of 
parallel Rays, as in AB (Fig. 40.) the Rays 
flowing from thence and falling upon the 2 =_ 
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CD, will be collected into their reſpective Foci 
at a and 35, and the intermediate Points , n, 
Sc. and will there form an Image of the Ob- 
jet AB; and after croſſing each other in the 
ſeveral Points of it, as exprefled in the Figure, 
will paſs on diverging as from a real Object. 
Now if an Eye be fituated at c, where Ac, 
Be, Rays proceeding from the extreme Points 
of the Object, make not a much larger Angle 
AcB, than they would do if there were no Lens 
interpoſed ; and the Rays belonging to the 
ſame Pencil do not converge ſo much as thoſe 
the Eye would receive, 1t it were placed nearer 
to a or 6, the Object upon theſe Accounts 
appearing very little larger or brighter than 
with the naked Eye, is ſeen nearly in its pro- 
per Place; but if the Eye recedes a little Way 
towards ab, the Object then appearing both 
brighter and larger, ſeems to approach the 


Lens F: which is an evident Proof of what has 


+ That the Object ſhould ſeem to approach the Lens in this 
Caſe, was a Difficulty that exceedingly puzzled the learned 
£errow, and which he pranounces inſuperable, and not to be ac- 
counted for by any Theory we have of Viſion. D17o/:z2zx alſo 
leaves it to the Solution of others, as that which will be inex- 
plicable, till a more intimate Knowledge of the viſive Faculty, 
as he expreſſes it, be obtained by Mortals. 

They imagined, that ſeeing an Object appears farther of, 
the /z/s the Rays diverge which fall upon the Eye; if they 
ſhould proceed parallel to each other, it cught to appear excced- 
ingly remote, and if they ſhould converge, it ſhould then appear 
wore diſtant ftill - The Reaſon of this was, becauſe they looked 
ypon the apparent Place of an ObjeR, as owing only to the Di- 
tection of the Rays whatever it was, and not at all to its appa- 
rent Magnitude or Splendor, 


hb een 
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been fo often aſſerted, viz. that we judge of 
the Diſtance of an Object in ſome Meaſure by 
its Brightneſs and Magnitude “; for the Rays 
converge the more the farther the Eye recedes 
from the Lens; and therefore if we judged of 
the Diſtance of the Object by the Direction of 
the Rays which flow from it, we ought in this 
Caſe to conceive it at a greater Diſtance, than 
when the Rays were parallel, or diverged at 
their Entrance into the Eye. | 

Prop. IV. If an Object be placed farther 
from a convex Lens, than its Focus of parallel 
Rays, and the Eye be fituated farther from it 
on the other Side, than the Place where the 
Rays of the ſeveral Pencils are collected into 
their reſpective Foci, the Object appears in- 
verted, and pendulous in the Air, between the 
Eye and the Lens. 

To explain this, let AB (Fig. 40.) repre- 
ſent the Object, CD the Lens, and let the 
Rays of the Pencil ACD be collected in a, and 
thoſe of BCD in &, forming there an inverted 
Image of the Object AB, and let the Eye be 
placed in F : It is apparent from the Figure, 
that ſome of the refracted Rays which pals 


through each Point of the Image, will enter 


* Perhaps it may proceed from our judging of the Diſtance 
of an Object in ſome Meaſure by its Magnitude, that that Pe- 
ception of Sight commonly obſerved by Travellers may ariſe; 
dix. that upon the firſt appearing of a Building larger than uſual, 
as a Cathedral Church, or the like, it generally ſeems nearer to 
them, than they afterwards find 1t to be, | 


the 


1 1 

1 D nn 1 
* *. W - * rr . 
Nn 5 1 T 


Chap. 7. of Objects, &. 83 
the Eye as from a real Object in that Place, 
and therefore the Object AB will appear there, 
as the Propoſition aſſerts. But we are ſo little 
accuſtomed to ſee ObjeRs in this Manner, that 
it is very difficult to perceive the Image with 
one Eye; but if both Eyes are ſituated in ſuch 
a Manner, that Rays flowing from each Point 
of the Image may enter both, as at G and H, 
and we direct our optic Axes to the Image, 'tis 
ealy to be perceived. | 

If the Eye be ſituated in 2 or b, or very near 
them on either Side, the Object appears exceed- 
ingly confuſed, viz. if at d, the Rays which 
proceed from the ſame Point of the Object con- 
verge fo very much, and if at e, they diverge 
ſo much, that they cannot be collected together 
upon the Retina, but fall upon it as it they 
were the Axes of ſo many diſtinct Pencils com- 
ing through every Point of the Lens; where- 
fore little more than one fingle Point of the 
Object is ſeen at a Time, and that appears all 
over the Lens; from whence nothing but Con- 
fuſion ariſes. 

If the Lens be ſo large that both Eyes may 
be applied to it, as in + and &, the Object wil 
appear double; for 'tis evident from the Figure, 
that the Rays which enter the Eye at h from 
either Extremity of the Object A or B, do not 
proceed as from the ſame Point with that from 
whence thoſe which enter the other at + ſeem 
to flow; the Mind therefore is here deceived, 

. 2 and 
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and looks upon the Object as fituated in two 
different Places, and therefore judges it to be 
double. 

Prop. V. An Object ſeen through a concave 
Lens appears nearer, ſmaller, and leſs bright, 
than with the naked Eye. 

Thus, let AB (Fig. 41.) be the Object, CD 
the Pupil of an Eye, and EF the Lens. Now, 
as it is the Property of a Lens of this Form, 
to render diverging Rays more fo, and converg- 
ing ones leſs ſo, the diverging Rays GH, GT, 


proceeding from the Point G, will be made to 


diverge more, and ſo to enter the Eye as from 
ſome nearer Point g; and the Rays AH, BI, 
which converge, will be made to converge leſs, 
and to enter the Eye as from the Points à and 
53; wherefore the Object will appear in the Si- 
tuation agb, /e/s and nearer than without the 
Lens. Farther, as the Rays which proceed 
from G, are rendered more diverging, ſome of 
them will be made to paſs by the Pupil of the 
Eye, which otherwiſe would have entered it, 
and therefore each Point of the Object will ap- 
pear /eſs bright *. 

Prop. VI. 


* From what has been obſerved about the Properties of con- 
vex and concave Lenſes, we may ſee the Reaſon why the for. 
mer Sort are made Uſe of by o People to help their Sight; 
and the latter by thoſe who are purblind. Old People, as was 
obſerved before, having the Tunica Cornea of their Eyes too 
flat, require that the Object be placed at a greater Diſtance 
from them, than other People whoſe Eyes are of a juſt Form, 


that the Rays which enter the Pupils of their Eyes rol . 
ame 
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Prop. VI. An Object ſeen through a polygo- 
nous Glaſs, that is, ſuch as is terminated by 
ſeveral plain Surfaces, is multiplied thereby. 

For Inſtance, let A (Fig. 42.) be an Ob- 
ject, and BC a polygonous Glaſs terminated by 
the plain Surfaces BD, DE, Sc. and let the 
Situation of the Eye F be ſuch, that the Rays 
AB being refracted in paſſing thro' the Glaſs, 
may enter it in the Direction BF, and the Rays 
AC in the Direction CF. Then will the Eye 
by means of the former, ſee the Object in G, 
and by the latter in H; and by means of the 
Rays AI, the Object will appear allo in its pro- 
per Situation A, 


Thus much for the Principles of Diaptrics, 
and the Solution of ſome obvious Phanomena 
which tend to confirm the ſame : Thoſe which 
yet remain to be accounted for, ſhall, according 
to the Method we have hitherto obſerved, be 
treated of in the Diſſertation of this Part. 


ſame Point of the ObjeR, may not diverge too much. Now a 
convex Lens makes thoſe Rays diverge leſs, as they would natu- 
rally do if the Object was placed farther off. Again, thoſe 
who are purblind, having the Tunica Cornea too protuberant, 
require. ſuch a Lens as may render thoſe Rays more diverging, 
leſt they ſhould be collected into their reſpective Foc: before 
they fall upon the Retina; and therefore Lenſes of the concave 
Sort are of Uſe to them, 
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DISSERTATION LI. 
Of the Horizontal Moon. 


HE Phenomenon of the Horizontal Moon 
is this: When the Moon is juſt above 
the Surface of the Earth, either immediately 
after ſhe is riſen, or juſt before ſhe ſets, ſhe ap- 
pears four or five Times greater in Diameter, 
than when ſhe is in her Meridian Altitude: 
And yet her apparent Diameter, if taken by 
an Inſtrument, is found to ſubtend the ſame 
Angle in either Situation “. 

The Moon's apparent Diameter being found 
to ſubtend the ſame Angle, whether ſhe be in 
the Horizon or Meridian, it is evident the 
Image of her projected upon the Retina of an 
Eye, is of the ſame Dimenſions in either Caſe; 
and therefore that ſhe ſhould appear of a dif- 
ferent Magnitude in one Situation from what 


* What 1s ſaid here of the Moon's Diameter, as taken by an 
Inſtrument, muſt be underſtood of her horizontal! Diameter, and 
not of her vertical one, for the Length of this is diminiſhed by 
RefraCtion (as explained Chap. VII. Note the firſt) and, there- 
fore, if it be taken by an Inſtrument, if will not be found to 
ſubtend the ſame Angle in the Horizon as in the Meridian : 
But notwithſtanding this, it appears longer to the naked Eye 
when 1n the former, than in the latter Situation, as well as the 
horizontal Diameter. 
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ſhe does in the other, has always been Matter 
of great Speculation among the Connoifſeurs 
both in Optics and Aftronomy. Des Cartes 
was of Opinion, that we think the Moon 
larger when ſhe is in the Horizon, than when 
ſhe is in the Meridian, becauſe in the former 
Caſe by comparing her Diſtance with that of 
interpoſed Objects, we imagine it greater than 
when ſhe is elevated: And that as we judge 
her Diſtance greater in that Situation, we of 
Courſe think her Diameter longer, becauſe it 
ſubtends the fame Angle in either Caſe. But 
more of this by and by, when we come to 
the Explication Dr. Wallis has given of this 
Matter. 

Gaſſendus was of Opinion, that becauſe the 
Moon appears leſs bright when in the Horizon 
than in the Meridian, we view her in the for- 
mer Situation with a larger Pupil, than we do 
in the latter; and from thence he concludes, 
that the Image of her upon the Retina muſt be 
larger. But this is contrary to the Laws of 
Optics; for if the refractive Power of the Hu- 
mours of the Eye collects the Rays of the ſe- 
veral Pencils into their reſpective Foc: upon 
the Retina (and there is no Reaſon to ſuppoſe 
the contrary in this Cafe) the Breadth of the 
Pupil makes no Alteration in the Magnitude 
of the Image ; becauſe the Situation of thoſe 
Foci is determined by the Axes of the ſeveral 
Pencils, which croſſing each other in the Cen- 
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ter of the Pupil (as was ſhewn Chap. VI. pag. 
61. in the Note) paſs on to the ſame Points 


of the Retina, whether the Pupil be broad or 


narrow. 

Molineux in the Philoſophical Tranſactions 
N* 187. tells us of a certain French Abbe, 
that revived the forementioned Suppoſition of 
Gafſendas, and adding two others of his own, 
endeavoured to account for this Phenomenon. 
His Suppoſitions were theſe, viz. © That this 
* contracting and enlarging the Pupil (ſup- 
« poled by Gafſendus) cauſeth a different 
„ Shape in the Eye; an open Pupil making 
« the Chryſtalline flatter, and the Eye longer, 
« and the narrower Pupil ſhortening the Eye, 
** and making the Chryſtalline Humour more 


% convex. The firſt attends our looking at 


Objects that are remote, or which we think 
* ſo, the latter accompanies the viewing Ob- 
«« jects nigh at Hand. Likewiſe an open Pu- 
** pil and flat Chryſtalline attends Objects of 
a more ſedate Light, whilſt Objects of more 
« forcible Rays require a greater Convexity, 
and narrower Pupil. From theſe Poſitions 
* continues Mol:neux, the Abbe endeavoured 
* to give an Account of our Phenomenon, as 


6 


follows. When the Moon is nigh the Ho- 


** rizon, by Compariſon with interpoſed Ob- 
* jets, we are apt to imagine her much far- 
* ther from us than when more elevated, and 
therefore we order our Eyes as for viewing 

« an 
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« an Object farther from us:; that is, we ſome- 
e thing enlarge the Pupil, and thereby make 
« the Chryſtalline flatter ; moreover the Duſk- 
« jſhneſs of the Moon in that Poſture does 
« not ſo much ſtrain the Sight; and conſe- 
« quently the Pupil will be more large, and 
« the Chryſtalline more flat; hence a larger 
« Image ſhall be projected on the Fund of the 
« Eye, and, therefore, the Moon ſhall appear 
larger. Theſe twofore-mentioned Accidents, 
« 0/2. the Moon's imaginary Diſtance and 
« Duſkiſhneſs, gradually vaniſhing as ſhe riſes, 
t a different Species is hereby introduced in 
* the Eye, and conſequently ſhe ſeems gradu- 
« ally leſs and leſs, till again ſhe approaches 
* nigh the Horizon.” 

As to what is taken for granted in this So- 
lution concerning a Change in the Chryſtalline 
Humour and Form of the Eye, upon viewing 
an Object in a duſty or faint Light, that ſeems 
to be very ill grounded. We know of no ſuch 
Connection between the Muſcles of the Iris 
and thoſe of the Ligamenta Ciliaria, as is 
neceſſary to produce this Effect. And the 
Coats of the Eye are not fo pliable, as eafily 
to admit of an Alteration in their Form *. 
Could the Author have made good his other 
Suppoſition, vis. That by Compariſon with 


* See what has been obſerved concerning the Power we have 

of making an Alteration in the Eye, in order to ſee diſtindly, 

(Chap. VI. pag. 62.) ; 
2 4 in- 
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interpoſed Objects we are apt to imagine her 
much farther from us, than when. more ele- 
vated, he need not have had Recourſe to any 
other; this alone would have been ſufficient ; 
but Bie Labor et. This alone, I ſay, would 
have been ſufficient ; for if by comparing her 
Diſtance with that of interpoſed Objects, we 
imagine it greater when ſhe is in the Horizon, 
than when ſhe is in the Meridian; as ſhe ſub- 
tends an equal Angle in both Caſes, we muſt 
in Conſequence thereof (agreeably to. Des 
Cartes's Notion above-mentioned) imagine her 
to be bigger in the former Situation than in the 
latter; becauſe. a diſtant Object cannot ſub- 
tend the ſame Angle at the Eye that one which 
is nearer does, unleſs it be proportionably 
larger “. 

The famous Hobbes endeavoured at a Solu- 
tion of this Phenomenon, but it is hardly 
worth mentioning : The Figure he has drawn 
to explain his Solution by, ſeems to have 
been the Occaſion of his Error. He draws a 
Circle to repreſent that blue Surface common- 
ly called the Sky, in which the heavenly Bo- 
dies ſeem to be fixed, and concentric to this, 
a leſſer, to repreſent the Surface of the Earth, 
but vaſtly too big in Proportion; ſo that a 
Spectator upon the Surface of this Earth, is 
conſiderably nearer to the upper Part of the 


9 See Chap, VI, pag, 71. 
other 
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other Circle than to the Sides of it: Where- 
fore an Object that ſubtends the ſame Angle at 
different Heights muſt neceſſarily hide a great- 
er Portion of that Ark when it is in the Hori- 
zon, than when it is in the Meridian; becauſe 
that Ark is farther behind the Object in the 
former than in the latter Situation; from 
whence he concludes that the Moon muſt ap- 
pear bigger in that Situation than in the Me- 
ridian. Had he drawn his Circles in any tole- 
rable Proportion to that which he deſigned them 
to repreſent, he would eaſily have ſeen his 
Miſtake. 

A few Years ago Mr. De Veil publiſhed a 
Treatiſe upon the Subject of the Horizontal 
Moon, which he dedicates to the Ladies of 
Northampton. If I remember right, his Solu- 
tion of it was in the following Manner: 1. 
When an Object is placed beyond the Focus of 
parallel Rays of a convex Lens, the farther 
the Eye (ſituated on the other Side of the Lens) 
recedes from it towards the Focus of the Rays 
which flow from that Object, the larger that 
Object appears. 2. Rays of Light flowing 
from the Moon, and paſling thro' the Atmo- 
ſpbere of the Earth, are collected into a Focus 
on the other Side of it. 3. When the Moon 
is in the Horizon, we are nearer to this Focus 
by almoſt a Semidiameter of the Earth, than 
when ſhe is in the Meridian: And therefore, 
the Moon ought to appear larger when in the 
former than in the latter Situation. 


4 The 
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The Propoſitions in this Solution are all true, 
but the Second is not applicable in the preſent 
Caſe; for unleſs we conſider the Refraction that 
Rays of Light which flow from the Moon, and 
paſs through the Atmoſphere of the Earth, 
ſuffer in their Emerſion, that is, while they 
paſs through the latter Half of it, as well as 
that which they ſuffer in their Immerſion, or 
while they paſs through the former Half, we 
| ſhall find that they will not be collected into 
their reſpective Foci on the other Side the 
Earth, as this Gentleman imagines : Which if 
it can be ſhewn, his Solution falls to the Ground 
of Courſe; for the Refraction which the Rays 
ſuffer in their Emerſon is not to be taken into 
Conſideration, becauſe they reach the Eye of 
a Spectator upon the Earth as ſoon as they 
have paſſed through the firſt Half of the At- 
moſphere, when the Moon is in his Horizon; 
and before they have paſſed through that Half, 
when ſhe is in his Meridian. 


Let us then imagine two Rays flowing from 


one and the ſame Point of the Surface of the 
Moon, it being neceſſary in order to conſtitute 
a Focus that ſuch Rays ſhould after Refraction 
meet in a Point; the meeting of ſuch as flow 
from different Points in the ſame Surface is not 
ſufficient; if it were, we might then have Foci 
where we pleaſed, and that as well without 
refracting or reflecting Surfaces as with them. 
And let the firſt of thoſe to Rays fall perpendi- 
cularly upon the Atmoſphere of the Earth, and 

be 
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be ſuppoſed to paſs through the Center of it; 
and let the other after Refraction paſs by the 
Surface of the Earth. Now, the Moon's Pa- 
rallax, that is, the Angle under which the Se- 
midiameter of the Earth is ſeen from the Moon, 
being about one Degree, it is evident that theſe 
Rays muſt, before their Incidence upon the 
Earth's Atmoſphere, diverge the one from the 
other by ſuch an Angle. But it appears from 
Sir Iſaac Newton's Table of Refractions pub- 
liſhed by Dr. Halley in the Philoſophical Tranſ- 
actions, N* 368. that, when any of the heaven- 
ly Bodies appears in the Horizon, the Rays by 
which it is ſeen, are refracted but by an Angle 
of thirty-three Minutes and forty-five Seconds; 
and therefore the Ray which we have ſuppoſed 
after Refraction to paſs by the Surface of the 
Earth will be refracted only by ſuch an Angle; 
which falling conſiderably ſhort of one Degree, 
the Angle by which it diverged from the per- 
pendicular one before Refraction; it will be fo 
far from being made to converge towards it 
thereby, that it will ſtill be in a State of Diver- 
gency from it. And therefore Rays flowing 
from the Moon and refracted only in their Im- 
merſion into the Atmoſphere of the Earth, will 
not be collected into their reſpective Foci on the 
other Side: Which was to be ſhewn. 

Dr. Wallis in the Philoſophical Tranſactions, 
Ne 187. gives us a Solution of the Horizontal 
Moon (or rather an Explication of what Des 
Cartes had given before) which is as follows : 


He 
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He aſcribes this Phenomenon to the Deception 
of the Imagination, and accounts for that De- 
ception in the following Manner: He obſerves, 
firſt, That the Imagination doth not eſtimate 
the Greatneſs of an Object ſeen, by the optic 
Angle only, but by this compared with the 
ſuppoſed Diſtance. So that if two Things are 
ſeen under the fame or equal Angles, and if, 
upon any Account whatever, we apprehend one 
} of theſe to be farther from us than the other, 
that which we apprehend to be farther from 
us, will fo the Imagination appear greater. 
Secondly, That one great Advantage for eſti- 
mating the apparent Diſtance of any Thing, is 
from the Variety of intermediate Objects be- 

tween the Eye and the Thing ſeen ; for then 

| the Imagination muſt allow Room for all thoſe | 

Things. | 

« Now, ſays he, when the Sun “ or Moon 

c 1s near the Horizon, the Proſpect we have of 

« Hills and Valleys, Plains and Woods, Cc. re- 

«« preſent to our Imagination a great Diſtance, | 

e capable of receiving all theſe : Or, if it hap- 

«« pens that theſe interpoſed Objects are not 

« actually ſeen, yet, having been accuſtomed | 

« to ſee them, the Memory ſuggeſts to us | 

„View as large as is the viſible Horizon. | 

« But when the Sun or Moon is in an high- | 

« er Poſition, we ſee nothing between us and 


„them (unleſs, perhaps, ſome Clouds) and 


22 —— eons ws» - 
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* For the Sun appears larger in the Horizon, as well as the 
Moon. | 


« there- 


K 
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« therefore nothing that can preſent to our 
„Imagination ſo great a Diſtance as the other 
« is. And therefore, though both be ſeen un- 


* der the ſame Angle, they do not appear (to 


« the Imagination) of the ſame Bigneſs, be- 
« cauſe not fancied at the ſame Diſtance : But 
ce that near the Horizon is judged bigger (be- 
« cauſe ſuppoſed farther off ) than the ſame, 
« when at a greater Altitude.” 

If I might be allowed to mention any Thing 


of my own, after theſe great Geniuſes have 


given their Opinions upon this Matter, it ſhould 
be this, viz. That I have often thought, that 
he who would give a rational Account, why 
the Sun or Moon appears farther from us in the 
Horizon than in the Meridian (for that is all 
that is requiſite, towards a Solution of the Ho- 


riazontal Moon, as has been already obſerved) 


ſhould firit ſhew why that apparent azuce Sur- 
face we call the Sky, does not ſeem to be an en- 
tire concave Hemiſphere, but only a Portion of 
ſuch an one : For our judging the Heavens to 
be no more than ſuch a Portion, is undoubtedly 
the Cauſe why we judge both the Sun, Moon, 
and Stars to be farther from us when in the 
Horizon than in the Meridian ; becauſe we 
have nothing elſe we can refer their Places to, 
but that. 

Now, poſſibly, the Cauſe why we think the 
Heavens of that Form may after all be onl 
this, 2/2. That, as the Rays which come from 
the upper Parts of that imaginary Surface, the 


Sky, 
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Sky, pals through a leſs Portion of the Atmo- 
ſphere than ſuch as come from the horizonta 
Parts of it, the Sky appears to us more di/tin&- 
ly, and generally more br:ght in thoſe Parts 
than in the latter; and therefore, ſince we 
daily obſerve that thoſe Objects which appear 
molt diſtinct are generally ſuch as are nearef; 
to us, and alſo as bright Objects, when we 
have nothing but bare Imagination to deter- 
mine us in eſtimating the Diſtance of them, 
appear nearer to us than the ſame Objects when 
leſs ſo *, we think the upper Parts of the Sky 
nearer us than the lower. Wherefore, fince we 
refer all the heavenly Bodies to this Surface, we 
neceſſarily imagine them farther from us, and 
conſequently larger, and alſo more diſtant from 
each other +, when near the Horizon, than 
when they are arrived at their meridian Al- 


titude. 


* See what has been ſaid concerning the Brightneſs of an 
Object being a Means“ whereby it appears nearer us, under 


Prop. 3. of the 7th Chapter. 
+ The apparent horizontal Diſtance of two Stars from one 


another is obſerved to be greater when they are in the Horizon, 
than in the Meridian. - 


The EnD of Yo L. 


